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Los Alamos HIV Database

“I think of it as the gift
that keeps on giving”, A. Fauci

Quoted in Cohen, “Bang for the Buck”, Science 321:518-519, 2008

http://tinyurl.com/HIV-DB-2018
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Los Alamos HIV Database
m HIV Databases, funded by NIH

Integrate HIV immunological and viral and host sequence data

> 60 computational tools, some HIV specific; many applicable to other pathogens
Tables, summaries, web search interfaces

Annual Compedia

HIV Sequence database — founded in 1986, Gerald Myers
m Sequence data from GenBank with added metadata fields from the literature
m Metadata and accession numbers incorporated in the sequence names
m Premade and on the fly alignments — align indels and reduce sequences per person
m Web searches: subtype, geographic location, patient details, sampling year, etc ~40 fields

HIV Immunology database — founded in 1995, Bette Korber
m Comprehensive HIV epitope database,
m Integrates HIV immunological and sequence data
m Web searches: epitope, protein, HLA type, immunogen, keywords, patient details, etc

m Other pathogen databases

HCV Database — founded in 2003, Carla Kuiken, initially funded by NIH

HFV Database — founded in 2009, C. Kuiken, initially funded by DoD, >80 viral species
m Filovirus portion of the database was updated during and after the 2015 outbreak
m Premade sequence alignments on genus, species and one-per-outbreak sequence levels
m Epitope lists and genomic maps, functional domains

m Ebola Genome browser
» Los Alamos
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HIV Database Workshop Logistics

m Day 1, Jan 30, Tues
HIVSequence Database

m Day 2, Jan 31, Wed

HIV Immunology Database
m Part 1:

HIV Immunology Database overview
Antibody searches and entries in HIV database

Neutralizing Antibody Resources

CATNAP, both tailored for HIV and applicable to any pathogen
CombiNaber, applicable for any pathogen

HIV Genome Browser

m Part 2:

T cell epitopes and searches and entries in HIV database
More computational tools for Immunologists, many applicable for any pathogen

Vaccine design and evaluation tools, applicable for any pathogen

» Los Alamos
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HIV DATABASES

The HIV databases contain data on HIV genetic sequences, immunological epitopes, drug resistance-associated mutations, and
vaccine trials. The website also gives access to a large number of tools that can be used to analyze these data. This project is
funded by the Division of AIDS of the National Institute of Allergy and Infectious Diseases (NIAID), a part of the National Institutes
of Health (NIH). Click on any of the links below to access a database. Editorial Board

SEQUENCE DATABASE » VACCINE DATABASE »

IMMUNOLOGY DATABASE » OTHER VIRUSES »

NEWSS Archived News » l

CATNAP: Custom Input

The original CATNAP tool can compile, analyze and tally neutralizing antibody panels from a database of
publicly available HIV neutralization data. A new version, CATNAP: Custom Input, is now available. This
version allows users to input their own neutralization panel data and perform the same analyses. HIV Env
sequences are available as a premade alignment, or can be provided by the user. 12 March 2015

www. hiv.lanl.qov

HIV Molecular Immunology 2014
HIV Molecular Immunology 2014 is now available online. The PDF version is hypertext enabled and features
clickable table-of-contents, indexes, references and links to external web sites. 04 February 2015

2014 HIV Sequence Compendium
2014 was the last year that we printed and shipped the HIV Sequence Compendium. Printed copies of the 2014
compendium are still available on request. 21 January 2015

» Los Alamos
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DATABASES SEARCH ALIGNMENTS TOOLS

Tutorials

Keystone 2014 HIV sequence database workshop

Keystone 2014 HIV Immunology database workshop

Sequence quality control explains several common problems with
sets of viral sequences

How to make a phylogenetic tree explains how to build a
phylogenetic tree

How to use these databases summaries of workshops given at
conferences

HIV numbering relative to reference strain HXB2
SIV numbering relative to reference strain SIVmm239

Articles

3D views of HIV macromolecular structures provides links to 3D
views of HIV proteins

Stalking the AIDS Virus [PDF] article from LANL Research Quarterly
(Fall 2003) about HIV Database research on the HIV-immune
system interaction as a step toward an AIDS vaccine

last modified: Tue Aug 8 12:41 2017

. . M HIV-1 Gene Map
Tutorials and Basic Informatl

PUBLICATIONS

Neutralizing Antibod
Resources & CATNAP

HIV sequence database

All kinds of basic
information about HIV
and about our database

Previous workshop

3D Structure

2 Mt ::‘_...uuary

How to Cite
Circulating recombinargd) i ETETET btails about all
documented CRFs 'HIV Database News
HIV-1 gene map illustrm of HIV-1, including
FXE2 breakpolnt

HXB2 annotated spreadsheet (.xls) provides a fully-annotated
sequence of HXB2 with base-by-base detail

HIV and SIV subtype nomenclature gives an overview of HIV and SIV
subtype nomenclature, particularly HIV-1 groups and subtypes

Primate immunodeficiency virus nomenclature lists SIV species and
nomenclature

How the HIV database classifies sequences explains how
recombinants are named and annotated

Common sequence formats for alignments shows examples of
common sequence formats for alignments

How to cite this Database explains how to cite this website and the
printed HIV compendia

Codes and symbols in sequences decodes the symbols and IUPAC
codes that appear in sequences and alignments

Codon table gives the translation of nucleotides into amino acids
FAQs answers basic questions about the HIV Sequence Database

Links HIV/AIDS resources and bioinformatics tools on other w:

Questions or comments? Contact us at S@(] -info@lanl. gov

presentations

Yes! We do respond to this
e-mail address!

» Los Alamos
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DATABASES

Sequence DB
Immunology DB

Vaccine DB

Programs and Tools

Search Interface retrieves HIV and SIV sequences, which can then
be aligned and used to build trees

Geography Search Interface retrieves HIV sequences based on
geographical distribution

Genome Browser uses jBrowse to display diverse data about the
HIV-1 genome and proteome

Tools for working with sequences lists all our online tools, organized
by function

Alignments

HIV Premade Alignments includes Consensus and Ancestral
Sequences, Subtype Reference Alignments, and Complete
Alignments

NEWST

IQ-TREE interface

HIV sequence database

PUBLICATIONS  GUIDES Search Site

HIV Sequence Database

Information

HIV Sequence Compendium print or order our annual publication

Tutorials and other information unpublished web-based content

Links to other HIV/AIDS tools and information
About this website

FAQ general information about this website
Site Statistics usage information for www.hiv.lanl.gov
How to Cite this Database

Editorial Board

Archived News » I

IQ-tree is a fast and effective stochastic algorithm for finding ML trees. We have developed a convenient web
server for building trees with this method. A nice feature of this method is the ability to output a table of
site-specific rates of evolution for each position in the alignment. 18 September 2017

IEDB User Workshop 2017

The Immune Epitope Database (IEDB) will hold its 2017 User Workshop on October 25-26, 2017 in Rockville,
Maryland. Staff from the LANL HIV Databases will be there to talk about our Immunology Database, Sequence
Database, and bioinformatics tools. More information is available at http://workshop.iedb.org/. 18 July 2017 \Iamos
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HIV Immunology Database Overview

m Experimentally characterized immunological and associated viral data

m Key information from each paper on HIV T cell epitopes or mAbs
~10,000 CTL, >1,500 Helper epitopes and >3,000 Antibody records
Epitope sequence, location, immunogen, vaccine details, patient details...
Epitope Variants (escape, reduced binding, etc.)

Host HLA or MHC, Ab isotype, binding region
Neutralizing Antibody Resources, contact residues, etc.
Notes summarize main findings

m HIV T cell epitopes and Antibody data organization

T Cells (CTL and Helper epitopes)
m One reference per entry, epitope/HLA combinations are often repeated
m CTL and T-helper database organization is identical
B Cells (Antibodies)
m One entry for each monoclonal antibody
m Many references per entry (> 800 for some well studied mAbs)
m Antibody is entered and annotated whether or not epitope is defined

m HIV Immunology Database products
Epitope maps, summary tables and yearly compendium
Computational tools for immunologists
Neutralizing antibody resources {17

o

Alamos
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Tools for Immunologists

Most tools are applicable to any organism and some to any numerical data

CATNAP: Compile, Analyze and Tally published and your own NAb Panels
CombiNAber: Predict and analyze neutralization by antibody combinations

Sequence Locator: Find epitope location on the reference genome

PepMap: Map an input set of peptides on the reference sequence (Fasta, PDF and HTML)
PeptGen: Generate sets of overlapping peptides for epitope mapping.

QuickAlign and AnalyzeAlign: Align query sequences or discontinuous positions to an
alignment, create WeblLogos, calculate frequency by position, tally variants in an alignment

ELF: Epitope Location Finder. Search query sequence for

0  Known epitopes from our HIV immunology databases
0 HLA binding motifs
0 Epitopes predicted by the IEDB binding algorithm.

N-Glycosite: Find potential N-linked glycosylation sites in an alignment

Mosaic and Epigraph: Generate candidate vaccine protein cocktails with optimized
potential epitope coverage, calculate and visualize coverage

Heatmap: Display and organize neutralization or other quantitative data.

And more ...
» Los Alamos
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DETELEREH Search Tools Propdtdjcts Publications [ ]
roducts
Epitope Maps

HIV Molecular Immunology Database
The HIV Molecular Immunology Database is an M=l AL LU llection of HIV-1 cytotoxic and helper T-cell epitopes and antibody binding sites.

Neutralizing Ab Resources
& CATNAP

Search Interfaces Data Sets: HLA Typing and
o CTL/CD8+ search Tools& Links | :
e T Helper/CD4+ search Multiple ways to database

e Antibody search products and tools
e CTL variant search
e T Helper variant search
e Search help
e Variant search help
Database Products

e All Database products and publications

e Epitope maps

e Epitope tables

e Epitope alignments

e T cell epitope variants and escape mutations .. .
e Neutralizing antibody resources & CATNAP 4—/_ NGUtraIIZIng AnthOdy Resources
e The HIV Molecular Immunology Compendium

e About the HIV Molecular Immunology Database

e How to cite this database

e Frequently-asked Questions (FAQ)

Tools and Data Sets

e Tools & Links for immunologists
e S|V Epitopes (PDF) review article summarizing known SIV epitopes

e |dentifying HLA-Associated Polymorphisms in HIV-1 (PDF) review article summarizing HIV polymorphism associated with escape mutations. Also a table of polymorphisms.
e HLATEM HLA Typing and Epitope Mapping Data Sets
o Standardized Assessments of Neutralizing Antibodies for HIV/AIDS Vaccine Development Assay protocols from Duke Central Reference Laboratory

7 )
» Los Alamos
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Neutralizing Antibody Resources

www.hiv.lanl.gov/content/immunology/neutralizing_ab_resources.html

Databases Search Tools Products Publications Search Site

Neutralizing Antibody Resources

2 new tools useful for Ab analysis
Tools

Coming soon:
® CATNAP: Compile, Analyze and Tally NAb Panels ™ Genetic Signature tool
Analysis of panels of antibody data for identification of potential genetic signatures.
o Database CATNAP analyzes published IC5q/ICgq data for anti-HIV neutralizing antibodies.

m] Finds phylogenetically corrected genetic signatures in a

sequence alignment in conjunction with a phenotype file.
O Custom CATNAP analyzes any numerical data associated with a protein alignment.

o Hybrid CATNAP analyzes your neutralization data together with published data. n Filtered Forests
e CombiNAber o Machine learning predictions of bNAD viral sensitivity

Predict the neutralization of combinations of antibodies

o HIV Genome Browser
A customization of jBrowse displaying genome and proteome features of HIV, including epitopes and neutralizing antibody features.

e External Tools for Germline Antibody Reconstruction
A list of external computational tools for modeling antibody evolution and germ line reconstruction from antibody or T-cell receptor sequence data.

Search interface

e Neutralizing antibody contexts and features
Search for locations of important neutralizing antibody binding sites and other HIV-1 Env features.

Tables

® Neutralizing antibody contexts and features (.xls)
A summary of the information from the search interface above, presented in a single .xls spreadsheet. Each row of the table corresponds to one residue of HIV-1 Env, and each column
represents a protein feature or set of known binding residues of broadly neutralizing antibodies. Loops and other features of Env are shown in the first 3 columns on the left. The
entropy (sequence variability) of each residue is presented numerically and color coded. Abbreviated references are listed under each column heading, and full references are on the
second page of the Excel file.

® Best neutralizing antibodies
A table presenting the most broadly-neutralizing HIV-1 antibodies, with links to papers, Ab sequences, structures, notes on breadth of neutralization, locations of Ab contacts or key
residues, and heavy and light chain composition.

Protocols

o Standardized Assessments of Neutralizing Antibodies for HIV/AIDS Vaccine Development Assay protocols from Duke Central Reference Laboratory

Questions or comments? Contact us at immuno®lanl.gov

Operated by Los Aamos National Security, LLC, for the U.S. Department of Energy’s National Nuclear Security Administration

Copyright © 2006-2012 LANS LLC Al rights reserved | Disclaimer/Privacy




Databases Search Tools Products

Publications [
HIV Molecular Immunology Database

The HIV Molecular Immunology Database is an annotated, searchable collection of HIV-1 cytotoxic and helper T-cell epitopes and antibody binding sites.

Search Interfaces

e CTL/CD8+ search

o T Helper/CD4+ search
e Antibody search

e CTL variant search

e T Helper variant search

e Search help
e Variant search help

Database Products

e All Database products and publications
e Epitope maps

o Epitope tables

e Epitope alignments
o T cell epitope variaMions
e Neutralizing antibody resources & P

e The HIV Molecular Immunology Compendiu
e About the HIV Molecular Immunology Database

e How to cite this database
e Frequently-asked Questions (FAQ)

Tools and Data Sets

e Tools & Links for immunologists

Epitope Tables

These tables summarize the epitopes from our database. HIV-1 epitope data
may also be obtained in the form of downloadable maps or alignments.

e CTL epitopes

o Best-defined ("A-list") CTL epitopes

e CTL epitope variants and escape mutations

e T-helper epitopes

e T Helper epitope variants and escape mutations

e Antibody epitopes

e Best Neutralizing Antibodies

¢ Antibody-Dependent Cell-Mediated Cytotoxicity (ADCC)
¢ Antibody index by name

¢ Antibody index by binding type

o S|V epitopes

\Neutralizinq antibody resources

Epitope alignments: epitopes aligned to HIV
subtype Reference sequences in Fasta format

o S|V Epitopes (PDF) review article summarizing known SIV epitopes
o |dentifying HLA-Associated Polymorphisms in HIV-1 (PDF) review article summarizing HIV polymorphism associated with escape mutations. Also a table of polymorphisms.

e HLATEM HLA Typing and Epitope Mapping Data Sets
o Standardized Assessments of Neutralizing Antibodie:

Mdne Development Assay protocols from Duke Central Reference Laboratory

https://www.hiv.lanl.gov/content/immunology/index.html

Reactive peptide maps and tables (with HLA
and other patient data) from several large-scale
studies scanning HIV proteins.




Antibody Search

m An example workflow following from antibody search:
0 Search database for a particular antibody record

o For a neutralizing antibody collect comparative
neutralization data for that antibody tested against
different viruses and in different studies (CATNAP)

0 Estimate the effectiveness of multi-antibody cocktails
against different viruses (CombiNAber)

> Los Alamos



Antibody Search (https://www.hiv.lanl.gov/content/immunology/ab_search)

Search by

m HIV protein, Epitope Sequence,

Subtype, Immunogen, Vaccine

Details, Species, Author,

Country, Keywords, Isotype

HIV-1 infection
HIV-2 infection .
in vitro stimulation or selection v

Proteins with Proteins with
defined epitopes undefined epitopes
H - ALL - - ALL -
riV protein
HIV protein 017 0 -y 0
pl7-p24 Gag
p24 1 RT
p24-p2p7plp6 « Pol
HXB2 location = | Results overlap with query location ;]
Epitope | Results contain query sequence |
Record number
MAD ID (List by name) (List by type)
Subtype -ALL- | \
ALL
anti-idiotype
autoimmune disease
Immunogen HIV-1 exposed seronegative

~\I\/IAb ID
List by Ab name

Vaccine details
if Immunogen is

Vaccine type |- AL -
Vaccine strain -ALL- ~|

Llst by Ab type

By binding site, for example binding
to similar region like V3 or near a

O Show all notes

A Vacci t|-ALL- = . _

Vaccine A;”—Zfﬁt;en:m = ::ﬁ - 5 common functional domain like CD4

_]—(_:AdLL_. - binding site CD4Bs)

C-HR
Ab Type En—:e;:;mr m Search exam pleS .

ap region .
— gplzhf’me"""cmz 2F5 — 1 record with 815
pecies - ALL - -

— references

Ig:LL O )
. o Ab type: gp120 CD4BS — 438
. wAz2s records

1gG

Search only for (JFirst [ Last author S ea rCh fo r 1 O E 8
Author @® Show only this author's references
O Show all references

Country ~ALL- =

- ALL -

aeute/early infection ® Show only notes containing selected Can show Only notes and
Keywords adjuvant comparison keyword(s) Y]
Pt ey g s e nd g e references containing selected

antibody interactions keyWordS Or’ user’s tex
Note @ Show only notes matching this text

| Search | | Reset | Click for Search Help

» Los Alamos

NATIONAL LABORATORY



Search Antibody Database

Found 30 matching records:

Displaying record number 2708

MAD ID

HXB2 Location

Author
Location

Epitope

Subtype
Ab Type
Neutralizing

Contexts and
Features

Species
(Isotype)

Patient
Immunogen

Keywords

Notes

Showing 44 of 44 notes.

10E8 . .
ep160(671-683) Link to Epitope Map 160
DNA(8235..8273) Epitope Map
Link to Epitope Alignment _ .
NWFDISNWLWYIK £piope
Alignment
B

gp41 MPER (membrane proximal external region)

«——— Link to CATNAP

Link to Antibody Features Database
(Ab contact positions and related protein features)

P (tier 2) View neutralization details

Search for contexts and features

human(lgG3)

Donor N152 <
HIV-1 infection

ADCC, antibody binding site, antibody gene transfer, antibody generation, antibody lineage, antibody sequence, binding affinity,
bispecific molecule, broad neutralizer, chimeric antibody, computational epitope prediction, contact residues, glycosylation,
immunoprophylaxis, immunotherapy, neutralization, review, structure, subtype comparisons, vaccine antigen design, vaccine-
induced immune responses, variant cross-reactivity

Link to patient Donor detail

Notes from the papers

o 10E8: Next generation of a computational neutralization fingerprinting (NFP) as a way to predict polyclonal Ab responses to HIV infection is presented. A new
panel of 20 pseudoviruses, termed f61, was developed to aid in the assessment of experimental neutralization. This panel was used to assess 22
well-characterized bNAbs and mixtures thereof (HJ16, VRCO1, 8ANC195, IGg1b12, PGT121, PGT128, PGT135, PG9, PGT151, 35022, 10E8, 2F5, 4E10, VRC27,
VRC-CH31, VRC-PG20, PG04, VRC23, 12A12, 3BNC117, PGT145, CHO1). The new algorithms accurately predicted VRCO1-like and PG9-like antibody specificities.
Doria-Rose2017 (neutralization, computational epitope prediction)

10E8: The amino acid at gp120 position 375 is embedded in the Phe43 cavity, which affects susceptibility to ADCC. Most M-group strains of HIV-1 have serine at

position 375, but CRFO1 typically has histidine, which is a bulky residue. MAbs 2G12 and 10E8 were not affected by changes in residue 375, while recognition by
CD4i mAbs 17b and A32 was increased by mutations of residue 375 to histidine or tryptophan. Participants in the AIDSVAX vaccine trial were infected by CRF01,
and a significant part of the efficacy of this vaccine rested on ADCC responses. The ADCC response of MAbs derived from AIDSVAX participants (CH29, CH38,
CH40, CH51, CH52, CH54, CH77, CH80, CH81, CH89, CH91, CH94) was dependent on the presence of 375H and greatly decreased by the presence of 375S.
Prevost2017 (ADCC, vaccine-induced immune responses)

Search results for 10E8



Databases Search

10E8 Donor

Tools Products Publications |
Patient Detail

Patient Code

Donor N152

Patient Sex

Male

Risk Factor

Infection Country

Infection City

Infection Year

HLA Type

Patient Ethnicity

Progression Slow progressor (SP)
Species human

Patient Note

At time of leukapheresis for MAb 10E8, patient had been infected with HIV-1 for 20 years; infected with clade B; selected because his
serum neutralizing activity was among the most potent and broad in the cohort.

ICTL CD8+ Records

T-Helper CD4+ Records

Antibody Records

2708, 2709, 3072, 3073, 3074, 3075, 3076, 3077, 3078, 3079, 3080, 3081, 3147, 3148, 3149, 3150, 3151, 3152, 3153, 3154, 3471, 3472,
3477, 3518, 3527

Sequence Database Patient
ID Record

75177
h

Link to patient’s HIV sequences

+ Los Alamos
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DATABASES SEARCH ALIGNMENTS TOOLS PUBLICATIONS GUIDES

10E8 Contacts

Neutralizing Antibody Contexts & Features

Purpose: To provide exact coordinates of known neutralizing antibody binding sites and other HIV-1 Env features. The data are
also summarized in a spreadsheet (.xls). For details, see Help.

View Neutralizing Antibody Contexts & Features

MAb name

ID 18

Description ~ 10ES8 contacts
i Antibody class MPER
Antibody class
Reference  Huang2012a

Type  antibody related feature

MAb name  10E8  (Click MAb name to get to Immunology DB notes)

Env AA position (315,323

Entropy | Entropy Entropy

Type a 'E:: Feature H:\(RZ Group | Subtype | Subtype Annotation
antibody related feature u g € e T—
structure and neutralization: Key
other Env feature 671 gp41 N 0.779 0.669 0.885 Sikioa Podkion,

10E8 W672 structure and neutralization: key
epitope position.

673 g1 £ 0.058 0.065 0.073 10!58 F673 structure and neutralization: key
epitope position.

=
Reference
Andrabi2015 676 gpd1 T 0683 0610 0674 10E8 T676 structure and binding: key epitope

position.

672 gpd1 w 0.017 0.023 0.014

Balla-Jhagjhoorsingh2013 630 gp41, gp41 W 0.069 0.083 0.081 10E8 W680 structure and neutralization: key

Bhiman2015 transmembrane ; g ] epitope position.

Blattner2014 =] ga3) |/ OEhg K | 0577 | 0499 0.569 10E8 K/R683 structure: key epitope position.
Database ID N Important position(s) with Hxb2 amino acid: N671 W672 F673 T676 W680 K683

W

£

submit | Reset |

» Los Alamos
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DATABASES SEARCH ALIGNMENTS TOOLS PUBLICATIONS  GUIDES Search Site

Go to CATNAP main page 1 0E8 Neutralization
Antibody information information in
CATNAP

Number of antibodies: 1

Download  heavy and light @aa ) na sequencesin Fasta Expand the table to show heavy and ||ght chain
bownload | table below sequences and sources for germline data

Expand  table below to show heavy and light chain sequences and sources for germline data

Light

=y J Light Genetic

Neutralizing Heavy Heavy Heavy

Antibody bi:z::‘bOdy A Structure Donor I?r:z:acla lso;at::n antibody v D J (K:'r(v (IGKJ chain signature com:nts
8 typ 8 pap feature  (IGHV) (IGHD) (IGHJ) or type analysis
IGLV)
IGLJ)
o 10E8
contacts
o C-term P
o gp41 MPER ° %
(membrane _ -, Donor residue
10E8 . 51Q7 51Q9 10E8 Huang2012a prediction 3-15*05 3-3*01 1*01 3-19*013*02 L 1Csp ICap
i proximal N152
4G6F o 10E8
i signature
region) _g_
predictions
(West2013)
Link to structure in PDB
Assay
Analyze assay data in CATNAP | Submit |
Number of data: 1551
Download  table below with additional virus info
Expand table below to show virus infomation
Antibody Virus Reference IC50 MeanIC50 IC80 Mean IC80
Asokan et al. J Virol 89:12501 (2015) 0.002 0.058
Chuang et al. J Virol. 87:10047 (2013) 0.013
Doria-Rose et al. J Virol. 90:76 (2016) 0.00200 0.05800
10E8 0013095_2_11 Huang et al. Immunity 45:1108 (2016a) - dataset 1 0.003 0.00454 0.07723
Huang et al. Nature 491:406 (2012a) 0.003 0.069 s LOSs Alamos
Kong et al. J Virol 89:2659 (2015) - dataset 1 0.017 0.194 NATIONAL LABORATORY

Kong et al. J Virol 89:2659 (2015) - dataset 2 0.005 0.061




CATNAP
Compile, Analyze and Tally NAb Panels

Purpose:

 To compile published data on HIV NAbs
and their neutralization data.

« To integrate and juxtapose on one
screen neutralization data (or any
numerical data) and viral sequence data.

* To explore potential genetic signatures
associated with HIV neutralization based
on either published or your own data.

« To find potential genetic signatures in
any kind of numerical data associated
with sequences. CATNAP

*  With input from Anthony West (West et (theoriggf l!yaPEtErrlfl)r;(bi:P ation)
al, PNAS 2013).

« Designed by Hyejin Yoon, Jennifer
Macke, Bette Korber, Karina Yusim

https://www.hiv.lanl.gov/components/sequence/HIV/neutralization/index.html

» Los Alamos
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DATABASES SEARCH ALIGNMENTS TOOLS PUBLICATIONS GUIDES

http://hiv_lanl.gov/catnap

CATNAP

Compile, Analyze and Tally NAb Panels

The CATNAP family of tools has been designed to facilitate the analysis of neutralizing antibodies (NAbs) through the
identification of potential genetic signatures resulting from a NAb's interaction with a protein. While interactions between NAbs
and HIV-1 Env are the emphasis, the Custom Input version can accomodate other types of data, including other proteins and
organisms.

CATNAP

Purpose: Analyze our database of HIV-1 ICsp and ICgp neutralization data from publicly-available sources, in conjunction with HIV-1
Envelope sequences. Access our extensive databases of information about neutralizing antibodies and viruses used in published
neutralization studies. Alignments of Env sequences for these viruses are also provided.

Help: CATNAP Help. H
m Custom Input requires
= Numerical data (IC50,
CATNAP: Custom Input ID50, AUC, any phenotypic
Purpose: Find potential genetic signatures based on your own numerical data in association with protein sequences. In addition to data)
neutralization data, this tool is flexible enough to accomodate almost any kind of data in conjunction with almost any protein O Aligned sequences
sequence. associated with the data

Help: Custom CATNAP Help.

CATNAP: Hybrid B You can also
Purpose: Compare and analyze your HIV-1 ICsp and ICgp neutralization data with published data. This tool will display your data com b| ne you r own

side-by-side with data from our database of published HIV-1 neutralization data. H IV data W|th the
published HIV data
(Hybrid CATNAP)

Help: Hybrid CATNAP Help.

Reference

‘;:Ac:g ;ZSLE?;NAP: a tool to compile, analyze and tally neutralizing antibody panels. Nucleic Acid Res 2015 Jul 1;43(W1):W213-9. ° Los Alamos
LU L s s AR NATIONAL LABORATORY



DATABASES SEARCH ALIGNMENTS TOOLS PUBLICATIONS  GUIDES Search Site

Both DATABASE and ANALYSIS:

CATNAP
Compile, Analyze and Tally NAb Panels ® Database Of a” the pUb“Shed ICSO and
Purpose: To provide easy analysis of data associated with HIV-1 neutralizing antibodies, including neutralization panel data, IC80 aSSGyS We Can fl nd ( 1 1 O CU rre ntly)
sequences, and structures.
See also: Help | Other CATNAP tools | How to Cite Download CATNAP data
New! Click "Attributes” to select antibodies based on donor, germline genes, or binding type. Or select viruses based on tier, [ Data "
subtype, infection stage, or coreceptor. Details... - . .
- Antibody data (>300): donor ID, links to
Select by | Antbody and Virus | Study| @ Immuno DB, PDB structures, germline,
Antibodies by © Names Attributes & Virusesby © Names Attributes @/ Panels & blnd I ng type’ etC
# of Abs = 304, # of Ab mixtures = 25 # of Viruses = 1007 (781 seqs available) - Allqned Vlrus data (>1 000) SUbtype’
Select #of Select #of accession, neutralization tier, virus
Name Donor viruses Name Subtype  Abs Seq . .
tested tested name aliases, patient health status,

10-1074 Donor 17 420 0013095_2_11 C 147 Yes H H

10-1074-18G3C  Donor 17 119 001428_2_42 © 146 Yes various Vlral panels’ etC

10-1074v Donor 17 200 0041_V3_C18 c 23 Yes - Information about Env positions:

10-996 Donor 17 121 0077_V1_C16 c 72 Yes . .

1068 T E—— 00636, 2 5 c n Ve entropy, functional domain, Ab contacts

10E8-0fH/0fL Donor N152 21 0260_V5_C1 Al 11 Yes and Slg natu re predlctlons

10E8-0fH/4fL Donor N152 21 0260_V5_C36 Al 162 Yes

10E8-10fH/10fL  Donor N152 21 0301_BM_A12 © 12 Yes .

10E8-10fH/16fL Donor N152 21 0301_BM_A2 c 12 Yes * AnaIySIS .

10E8-10fH/4fL  Donor N152 21 0301_BM_A6 © 12 Yes _ H _ _ai H

10E8-19fH/10fL  Donor N152 21 0330_v4_C3 Al 121 Yes Env Sequence data Slde by Slde Wlth

10E8-19fH/16fL Donor N152 21 0404_BM_B9 c 12 Yes IC50/ICs0 values

10E8-2fH/0fL Donor N152 21 0404_BM_D4 C 12 Yes g . .

IOEB2MH/10fL  DonorNts2 21 0404_BM_F3 ¢ e — AA composition, N-glycosylation sites,

10E8-2fH/4fL  Donor N152 21 0404_BM_G3 d 12 Yes basic statistics

10E8V1.1/P140  Donor N152 118 0404 BM H4 C 12 Yes .

- Antibody potency and breadth
Options summarized over multiple studies
Retrieve Antibody details  Virus details () Assay - Amlno aCId aSSOCIatIOHS Wlth
or neutralization.
netyze along::;:e‘:‘lcr:: galggosets f;sgata rﬁ:t:lowly. Limit the number of antibodies or viruses for quicker response. - Lln kS to Othe r a naIySIS tOOIS

Exclude viruses having no sequence data

Email results

» Los Alamos

Submit Reset NATIONAL LABORATORY



DATABASES SEARCH

ALIGNMENTS

TOOLS

PUBLICATIONS

CATNAP
Compile, Analyze and Tally NAb Panels

GUIDES

Search Site

Purpose: To provide easy analysis of data associated with HIV-1 neutralizing antibodies, including neutralization panel data,

sequences, and structures.

See also: Help | Other CATNAP tools | How to Cite

Select by Antibody and Virus = Study @

Select Antibodies and Viruses in
Several Ways:

remeacanutez o [ndividual or all antibody and viruses

New! Click "Attributes” to select antibodies based on donor, germline genes, or binding type. Or select viruses based on tier,
subtype, infection stage, or coreceptor. Details...

Antibodies by © Names Attributes ‘@‘ Virusesby © Names Attributes ‘@‘ Panels '@'
# of Abs = 304, # of Ab mixtures = 25 # of Viruses = 1007 (781 seqs available)
Select # of Select # of
- Name Donor viruses - Name Subtype  Abs Seq
tested tested

10-1074 Donor 17 420 0013095_2_11 C 147 Yes

-1 10-1074-1gG3C  Donor 17 119 - 001428_2_42 C 146 Yes
10-1074V Donor 17 200 0041_V3_C18 C 23 Yes
10-996 Donor 17 121 - 0077_V1_C16 C 72 Yes
10E8 Donor N152 432 - 00836_2_5 C Al Yes
10E8-0fH/0fL Donor N152 21 0260_V5_C1 Al 1 Yes

- 10E8-OfH/4fL Donor N152 21 - 0260_V5_C36 Al 162 Yes
10E8-10fH/10fL Donor N152 21 0301_BM_A12 C 12 Yes
10E8-10fH/16fL Donor N152 21 - 0301_BM_A2 o 12 Yes
10E8-10fH/4fL  Donor N152 21 - 0301_BM_A6 C 12 Yes
10E8-19fH/10fL Donor N152 21 0330_Vv4_C3 Al 121 Yes

- 10E8-19fH/16fL Donor N152 21 - 0404_BM_B9 c 12 Yes
10E8-2fH/0fL Donor N152 21 0404_BM_D4 C 12 Yes
10E8-2fH/10fL  Donor N152 21 - 0404_BM_F3 C 12 Yes
10E8-2fH/4fL Donor N152 21 - 0404_BM_G3 C 12 Yes
10E8V1.1/P140  Donor N152 118 0404 BM H4 c 12 Yes

Options
Retrieve

Or

Analyze along with virus
sequences

Antibody details

©ICso * 'ICgo

Large sets of data run slowly. Limit the number of antibodies or viruses for quicker response.

Both

Virus details Assay

Exclude viruses having no sequence data

) Email results

Submit

Reset

» Los Alamos

NATIONAL LABORATORY



DATABASES SEARCH ALIGNMENTS TOOLS PUBLICATIONS  GUIDES Search Site S e I e ct An ti b o) d i es an d Vi ruses i n
Several Ways:

CATNAP
Compile, Analyze and Tally NAb Panels
Purpose: To provide easy analysis of data associated with HIV-1 neutralizing antibodies, including neutralization panel data, ) I nd |V| d u al O r al | a nt| body a n d V| ru SeS
sequences, and structures.
See also: Help | Other CATNAP tools | How to Cite Download CATNAP data
New! Click "Attributes” to select antibodies based on donor, germline genes, or binding type. Or select viruses based on tier,
subtype, infection stage, or coreceptor. Details... hd Se|eCt by StUdy

Select by = Antibody and Virus = Study ©

# of Studies = 110
# of viruses

Select Name # of Abs tested o ICso 1Cgo
Acharya et al. J Virol 87:10173 (2013) 6 195 \'
Andrabi et al. Immunity 43:959 (2015) 23 21 V'
Andrabi et al. Virology 439:81 (2013) 18 21 V'
Asokan et al. J Virol 89:12501 (2015) B 33 V' v
Balla-Jhagjhoorsingh et al. PLoS One 6:e25488 (2011) 3 14 \
Balla-Jhagjhoorsingh et al. PLoS One 8:e68863 (2013) 6 6 v
Bhiman et al. Nat Med 21:1332 (2015) 30 5 \'
Bonsignori et al. Cell 165:449 (2016) 4 201 )
Bonsignori et al. J Clin Invest 124:1835 (2014) 1 42 \"
Bonsignori et al. J Virol 85:9998 (2011) B 90 v v
Bonsignori et al. J Virol 86:4688 (2012) 2 97 \
Bonsignori et al. Sci Transl Med 9:eaai7514 (2017) 14 209 v
Bournazos et al. Cell 165:1609 (2016) - dataset 1 22 123 \' \
Bournazos et al. Cell 165:1609 (2016) - dataset 2 18 7 V' v
Bradley et al. EBioMedicine 12:196 (2016a) 15 6 \
Braibant et al. AIDS 27:1239-44 (2013) 9 15 v
Chaillon et al. J Virol 86:10540 (2012) 6 10 \
Changela et al. J Virol. 85:2524 (2011) 2 4 V'
Options

Retrieve Antibody details (' Virus details ) Assay
Oor

Analyze along with virus @ |C5y ~ ICg Both
SEQUENCES | arge sets of data run slowly. Limit the number of antibodies or viruses for quicker response.
Exclude viruses having no sequence data

Email results

Submit Reset ’0 Los Alamos

NATIONAL LABORATORY



DATABASES SEARCH ALIGNMENTS TOOLS PUBLICATIONS  GUIDES Search Site

Select Antibodies and Viruses in
CATNAP Several Ways:

Compile, Analyze and Tally NAb Panels

Purpose: To provide easy analysis of data associated with HIV-1 neutralizing antibodies, including neutralization panel data,
sequences, and structures.

See also: Help | Other CATNAP tools | How to Cite Download CATNAP data ® |nd|V|dua| Or a” ant'bOdy and Vlruses
New! Click "Attributes” to select antibodies based on donor, germline genes, or binding type. Or select viruses based on tier,
subtype, infection stage, or coreceptor. Details...
) » Select by study
Select by = Antibody and Virus = Study @
Antibodies by Names @© Attributes @ Viruses by Names © Attributes @ panels @ ° Select antl bod |eS by attrl butes

(# of Antibodies) Reset (# of Viruses) Reset (germ I I ne and bl nd I ng reg IOn)

Donor Light V (IG) Light J (IG) Tier © Subtype

127/C (2) KV1-1 (1) KJ1(14) 1(2) 01_AE (67)

44(1) KV1-13+02 (1) KJ1701 (20) 1A (6) 0241 (5) . . .

€38 (3) KV1-17+01 (1) KJ2 (2) 1A 0r 18 (1) 02_AG (22) °

S || [ || (622 o e oyl Select viruses by attributes (Tier,
1B or 2 (16) 07.8C (48) .
1or2(3) 08_BC (9)

Heavy V (IGHV) Heavy D (IGHD) Heavy J (IGHJ) Su btype ) Infection Stage)

1-02*02 (1) 10 1(2) Infection stage © Coreceptor @

1-03%01 (1) 1-26 (1) 1+01 (10)

1-18%01 (2) 16 (1) 2(9) acute (171) CCRS5 (155)

1-18-02 (8) 1-IR1 (1) 2+01(5) intermediate (97) CCR5 CXCR4 (8)
early (303) CXCR4 (19)
chronic (292) null (827)

AB binding type null (142)

C-term (1) I

Env oligomer (7)

gp120 (2) Display a record if

gp120 adjacent to CD4BS (1)
ALL selected feature conditions are true (intersection)

N . AT LEAST ONE selected feature condition is true (union)
Display a record if

ALL selected conditions are true (intersection)
AT LEAST ONE selected condition is true (union)

Options
Retrieve ) Antibody details  Virus details ) Assay
Or
Analyze along with virus @ ICsy ~ ICg | ' Both
SeqUeNces | arge sets of data run slowly. Limit the number of antibodies or viruses for quicker response.
Exclude viruses having no sequence data
Email results

» Los Alamos

Submit Reset NATIONAL LABORATORY



DATABASES SEARCH ALIGNMENTS TOOLS PUBLICATIONS  GUIDES Search Site

Select Antibodies and Viruses in

CATNAP Several Ways:

Compile, Analyze and Tally NAb Panels

Purpose: To provide easy analysis of data associated with HIV-1 neutralizing antibodies, including neutralization panel data,
sequences, and structures.

See also: Help | Other CATNAP tools | How to Cite Download CATNAP data [ |nd|V|dua| Or a” ant|b0dy and V|ruses

New! Click "Attributes” to select antibodies based on donor, germline genes, or binding type. Or select viruses based on tier,
subtype, infection stage, or coreceptor. Details...

» Select by study

Select by ~Antibody and Virus  Study ©

Antibodies by Names © Attributes © Viruses by Names Attributes © (-] panels @ ° Select antibOdieS by attributes

(# of Antibodies) Reset # of Panels = 3 . . . .
. (germline and binding region)

Donor Light V (IG) Light J (IG) Select #
12710 @) o110 et (18) - Name Reference ) of
44 (1) KV1-13+02 (1) KJ1°01 (20) VIMUSes
c38 (3) KV1-17+01 (1) KJ2 (2) 5) H i 1
CAP206 (1) KV1-33°01(11) | KJ2°01(15) C clade ©@ Rademeyer201é 200 e Select viruses by attributes (T|er,

Global @ Decamp2014 12 .
Heavy V (IGHV) Heavy D (IGHD) Heavy J (IGHJ) 7 Most common @ 200 Su btype , Infection Stag e )
1-02%02 (1) 10 (1) 12)
1-03=01 (1) 1-26 (1) 1*01 (10)
1-18*01(2) 16 (1) 2(9) . .
1-18%02 (8) 1-I1R1 (1) 2*01(5)
» Select viruses by a virus panel
AB binding type

C-term (1)
Env oligomer (7)
gp120 (2)

gp120 adjacent to CD48BS (1)

Display a record if

ALL selected conditions are true (intersection)
AT LEAST ONE selected condition is true (union)

Options
Retrieve Antibody details Virus details Assay
Or
Analyze along with virus @ IC5, ICgo Both
Sequences | arge sets of data run slowly. Limit the number of antibodies or viruses for quicker response.
Exclude viruses having no sequence data

Email results

» Los Alamos

Submit Reset NATIONAL LABORATORY



DATABASES SEARCH

ALIGNMENTS TOOLS

PUBLICATIONS

CATNAP
Compile, Analyze and Tally NAb Panels

GUIDES Search Site|

Purpose: To provide easy analysis of data associated with HIV-1 neutralizing antibodies, including neutralization panel data,

sequences, and structures.

See also: Help | Other CATNAP tools | How to Cite

Download CATNAP data

New! Click “Attributes" to select antibodies based on donor, germline genes, or binding type. Or select viruses based on tier,
subtype, infection stage, or coreceptor. Details...

Select by = Antibody and Virus = Study @
Antibodies by © Names Attributes @ Viruses by © Names Attributes @ Panels @ E Xa m p I e .
# of Abs = 307, # of Ab mixtures = 25 # of Viruses = 1011 (785 seqs available)
Select # of Select #of 1 OE8 and PG9
. Name Donor viruses - Name Subtype  Abs Seq
tested tested
- 10-1074 Donor 17 420 - 0013095_2_11 C 147 Yes
~) 10-1074-1gG3C  Donor 17 119 ~1 001428_2_42 (5 146 Yes
-] 10-1074V Donor 17 200 ) 0041_V3_C18 C 23 Yes
1 10-996 Donor 17 121 1 0077_Vv1_C16 C 72 Yes
10E8 Donor N152 433 B 00836_2_5 C 71 Yes
—1 10E8-OfH/OfL Donor N152 21 0260_V5_C1 A1 11 Yes
~ 10E8-OfH/4fL Donor N152 21 0260_V5_C36 Al 163 Yes
) 10E8-10fH/10fL Donor N152 21 0301_BM_A12 C 12 Yes
) 10E8-10fH/16fL Donor N152 21 0301_BM_A2 C 12 Yes
~)  10E8-10fH/4fL  Donor N152 21 0301_BM_A6 C 12 Yes
~  10E8-19fH/10fL Donor N152 21 0330_v4_C3 Al 122 Yes
~]  10E8-19fH/16fL Donor N152 21 0404_BM_B9 (5 12 Yes
) 10E8-2fH/0fL Donor N152 21 0404_BM_D4 C 12 Yes
~) 10E8-2fH/10fL  Donor N152 21 0404_BM_F3 C 12 Yes . . . .
~)  10E8-2fH/4fL Donor N152 21 0404_BM_G3 C 12 Yes Retrleve Antl bOdy’ VII'US or Assay deta”S
~|  10E8V1.1/P140 Donor N152 118 0404_BM_H4 © 12 Yes
Options .
. , , Analyze ICg, 1Cg, or Both along with the
Retrieve @ Antibody details | Virus details ) Assay .
or viral sequences
Analyze along with virus ICsy — 1Cgg Both
sequences

| Exclude viruses having no sequence data

—|Email results

Large sets of data run slowly. Limit the number of antibodies or viruses for quicker response.

» Los Alamos

NATIONAL LABORATORY



DATABASES SEARCH ALIGNMENTS TOOLS PUBLICATIONS  GUIDES Search Site

Go to CATNAP main page 1 0E8 Neutralization
Antibody information information in
CATNAP

Number of antibodies: 1

Download  heavy and light @aa ) na sequencesin Fasta Expand the table to show heavy and ||ght chain
bownload | table below sequences and sources for germline data

Expand  table below to show heavy and light chain sequences and sources for germline data

Light

=y J Light Genetic

Neutralizing Heavy Heavy Heavy

Antibody bi:z::‘bOdy A Structure Donor I?r:z:acla lso;at::n antibody v D J (K:'r(v (IGKJ chain signature com:nts
8 typ 8 pap feature  (IGHV) (IGHD) (IGHJ) or type analysis
IGLV)
IGLJ)
o 10E8
contacts
o C-term P
o gp41 MPER ° %
(membrane _ -, Donor residue
10E8 . 51Q7 51Q9 10E8 Huang2012a prediction 3-15*05 3-3*01 1*01 3-19*013*02 L 1Csp ICap
i proximal N152
4G6F o 10E8
i signature
region) _g_
predictions
(West2013)
Link to structure in PDB
Assay
Analyze assay data in CATNAP | Submit |
Number of data: 1551
Download  table below with additional virus info
Expand table below to show virus infomation
Antibody Virus Reference IC50 MeanIC50 IC80 Mean IC80
Asokan et al. J Virol 89:12501 (2015) 0.002 0.058
Chuang et al. J Virol. 87:10047 (2013) 0.013
Doria-Rose et al. J Virol. 90:76 (2016) 0.00200 0.05800
10E8 0013095_2_11 Huang et al. Immunity 45:1108 (2016a) - dataset 1 0.003 0.00454 0.07723
Huang et al. Nature 491:406 (2012a) 0.003 0.069 s LOSs Alamos
Kong et al. J Virol 89:2659 (2015) - dataset 1 0.017 0.194 NATIONAL LABORATORY

Kong et al. J Virol 89:2659 (2015) - dataset 2 0.005 0.061




Virus information CATNAP: Virus info (in addition to the Ab and assay info)

Nunber of viruses: 14 Automatically submit all selected sequences in a batch to the HIV sequence search

S interface
| Download | table below

More info in HIV Sequence DB

. Days
Virus name Subtype Country ':‘::E?It . fpe:st:on ser%ac:?n:/z:'rsr‘ion Fiebig Risk factor Accession Tier  Alias HIV DB name ::& co«l;lﬁ:‘el;\ts
216_F2_E3_5 A1C TANZANIA 6 Heterosexual HM215277 216_F2_E3_5 Yes
acute 231965,
231965_C1 D UGANDA infection early 1or2 JQ361079 2 231965, €01 231965_c01 Yes
231966_.C2 D UGANDA  2cute early 1or2 JX512899 2 231966_C02 231966_c02 Yes
infection
234_F1_16_57 C TANZANIA early 5 Heterosexual HM215278 234_F1_16_57 Yes
Sequence does
not match
accession. This
sequence/clone
Not was the one
235_47 02_AG CAMEROON 6 EU513195 2 235 235 Yes used in
Recorded _— L.
neutralization
Link to the sequence record ;tudiest buz it
. as not ye
in the HIV Sequence DB been deposited
} in GenBank.
242 14 02A1  CAMEROON 6 EU51%188 ;Ez 242 242 Yes
246_F3_C10_2 AC TANZANIA 6 Heterosexual HM215279 246_F3_C10_2 Yes
acute IM246,
246F_C1G < ZAMBIA infection early 2 Heterosexual FJ496194 2 246F IM246F_fID5 Yes
247_23 DU CAMEROON Not EU683891 2 247 247 Yes
Recorded I
249M B10  C ZAMBIA f’:f“;jmn early Heterosexual EU166862 2  249M ZM249M_080503_SGA_B10 Yes
25710243 C INDIA acute 45 5 Heterosexual EF117271 1. 25710 HIV_25710_2 Yes
infection or2
2571124 C INDIA B 45 3 Heterosexual EF117272 '8 25711 HIV_25711_2 Yes
infection or2
25925.2.22 C INDIA et 45 3 Heterosexual EF117273 'B_ 25925 HIV_25925_2 Yes
infection or2
261912 .48 C INDIA sl 45 3 Heterosexual EF117274 2 26191 HIV_26191_2 Yes

infection




CATNAP: ICs¢ & ICgo/HIV-1 alignment

4 antibodies & 1007 viruses selected to search

*: Geometric means
(Expand to individual values)

More virus info in HIV Seq DB

0<0.1 ®<1 <10 ®<50 O>cutoff or 50 (pg/ml)
Virus name Tier 10E8 IC50 10E8 1C80 PG9 IC50 PG9 IC80 PG1
"""""" - = I I S "
001428_2_42 2 1.48106% 6.44387* B D P P e
0041_v3_C18 2 OREAO00NI 3.70700 | R IR | -
0077_v1_C16 2 1.45938%* 9.19287* | S 0 - 35301  [up=:
00836_2_5 1B or 2 DES0T93FI 1.90470% | ESROOOOOFEMN UD:>50* | ]
0260_V5_C36 9.80180* BOR00ZI7EIN | 1.57709% 13.80908* M
0301_BM_A12 - - lo.66000 - I-
0301_BM_A2 - - lo.91000 - I-
0301_BM_A6 - - lo.91000 - I-
0330_v4_C3 2 1.04674% 3.83465* [oroTEes* T |[0.05294% ] 00
0404_BM_B9 - - 0.08000 - I-
0404_BM_D4 - - |6.87000 - I-
0404_BM_F3 - - 0.04000 - I-
0404_BM_G3 - - l0.58000 - I-
0404_BM_H4 - - 0.01000 - I-
0439_v5_C1 2 1.16920% 4.69871* Jup:>50% UD:>50% Jup:
0702_BY_B4 - - jo.83000 - I-
0702_BM_B9 - - lo.38000 - I-
0702_BM_D1 - - jo.18000 - I-
0702_BM_H12 - - l0.37000 - I-
0815_v3_C3 2 pE31354% ] 1.86820% Jup:>10, >25,...*UD:>25, >50% .
0907_v4_C12 4 - - I- - -4
ARAY 1A A A ~ ANARRASDIIIE A aAn e u N —
Geometric mean of detected ONSSSS2NINNNNN 2.15327 [o.18501  0.38203 (W
Geometric mean of all ON4ESISIIIIN 2.43935 | DE9ZTa0 I 2. 20904 | oms
(undetected set to 100)
% detected (detected/total) 953 (411/432)  97% (387/400) | 74% (543/729)  69% (285/416) | 64%

# of viruses found: 799
# of Abs found: 4
# of studies found:70

Download

Go to antibody information section

neutralization data with virus information

—

Collapse or expand details from individual studies

HXB2
MRVKE-~--KY-QHLW-RWG-~-WRWGTMLLG-~~MLMI~-~~CSAT~--~
. |

10 20

30-——-

B C PR T

MRVRGILR-NY-QQW--

-WMWGVLGFW-~-MLMI---CNGV -~~~

MRVRGILR-NW-QLW===—==== WIWGILGFW-~-MVMN-~~CNVR-=-~-
MRVMGSMR-NC-QRW======== WIWGILGFW---MLMT-~~CNME-—~-
MRVRGIRR-NY-QHW-==m=mm— WIWGILGFW-~-MLMI---CKGGR~-~-
MRVMGIQR-NS-QCF======== LSWGMLVLG---IMMI-~-CSAV-~-~-
MRVRGMMR-NW-QQW--~ ~WIWGILGFW-~-MLMI-~~CSVL-~-~-
MRVRGMMR-NW-QQW======== WIWGILGFW---MLMM-~~CSVL-=~-
MRVRGMMR-NW-QQW======== WIWGILGFW---MLMM-~~CSVL-=~-
MRVMGMQR-NS-RHL======== LLRWGIRILG--MIMI---CRTA----
MRVRGILR-NC-PQW====m==== WIWGILGFW=-=-MLMI-=-CSVW—=—~-
MRVRGILR-NC-PQW--— ~WIWGILGFW-~-MLMI-~~-CSVW-~~-
MRVRGILR-NC-PQW===——=== WIWGILGFW-~-MLMI-~-CSVW-~~-
MRVRGILR-NC-PQW======== WIWGILGFW-~-MLMI-~-CSVW-~~-
MRVRGILR-NC-PQW=====—== WIWGILGFW-~-MLMI-~-YSVW-=~-
MRVMGIQR-NC-QHL======== LRWGTLILG---LIII---CSTA----
MRVRGILR-NW-ELW-- -WIWGILGFW---MFMI---CNML-~~-
MRVRGILK-NW-KLW======— WIWGILGFW---MFMI-—-~CNML-~-~-
MRVRGILR-NW-ELW-=====m WIWGILGFW-~-MFMI-~~CNML~-~~-
MRVRGILR-NW-KLW===——ee WIWGILGFW---IFMI-~~CNTL-~~-
MRVMGIQM-NW-QQW======== WIWGILGFW==-MLMV-~~CNGT=-~~-
MRAREMKR-NC-QNL======== WKWGIMLLG---ILMI-~--CSAA--4-

semEImATE N arer mAnT rrTrrmTT ATy e Aarerer

Potency and Breadth of
neutralization over

multiple studies
Fasta B

Download ©@aa  'na in

Antibody context and feature position(s) (based on HXB2)

(See Spreadsheet of neutralizing antibody contexts and features (.xls) for more information)
* 10E8 contacts (LogoByAll LogoBySubtype): N671 W72 F673 T676 W680 K683

* PG9-like contacts (LogoByAll LogoBySubtype): N136 N160 165 G167 K168 V169 Q170 K171 Y173

Logo
All

e

2
gos
<]
Q

Position analysis @

Analyze | HXB2 position |160 |for Ab[ PG |

0.0
671 672 673 676 680 683

Pick Ab and click on contact position to analyze, or enter your own position

Run CombiNaber @  submit

[ # of viruses tested

‘ 10E8 1C50: 432 l 10E8 1C80: 400 l PG9 IC50: 729 | PGY IC80: 416 | PGT121 1C50: 634 | PGT121 IC80: 393 | VRCO1 IC50: 781 | VRCO1 IC80: 444 ‘

388 virus(es) tested against all antibodies retrieved will be submitted to CombiNaber.

)S

JRY



Analysis at position 160 for Ab PG9

Amino Acid Counts Note: The new HXB2 .
Fisher e i e IEKGEIKNCSFNISTSIRG-KVQKEYAFFYKLDIIPIDN------=cnnnn= DTT
# for # for Odds
M count detected undetected p-tveasl:e ratio Genetlc. Slgnature TOOI |_--—--—-_l-—-_' ----- |_--—----_|-—-_l ------------------
N |54 |45 |19 <2206 | 2555874 | calculating AAQ0ST) Q- ------ 16]-------- 170------- 180------ccceeemcocacans 19
D 10 0 10 1.37e06 |0 i N (+)
Kk To 0 5 5'40;_06 0 phylogenetllcally ) N (+)  YKEDIRNCSFNATTEVKD-KKQKVHALFYRLDIVPLNKRNSSESEEEN----SSC
s 5 1 4 coie7 | ocssaz | corrected signatures will N (+) NGDEMKNCSFNTTTEIRD-KKQKAYALFYRLDLVPLERENRGDSN- - ----- SAS
Y 5 1 4 0.01897 | 0.0884202 | be |linked soon to N (+) TSNEMKNCSFNITTEIRD-KKKKESAIFYKLDVVPLDGNGNNSG-------- NYS
r s : e CATNAP (pending N (+) iTYESMKNCSFNTTTELKD-KKQSVYALFYRLDIVPLNN---=-==-==--=---- SNE
T T+ o 1 0265 |0 submitted publication) N (4) MEGEIKDCSFNVTTELRD-KRQKVHSLFYRLDIVQINSSQT----------- NSS
v 1 0 1 0.265 0 N (+) 'TRDELRNCSYMMTTELRD-RRQKVFSLFYRLDIVEIENNRTNNRT------- NNT
Ho 1 0 1 0.265 0 N (+) TENERKNCSFNITTELRD-KSKQVYSLFYRLDIVPIDGSDNSSD-------- NSA
o g 1 g;z: g X ISTADMKNCSFRVPTAIRD -RKQKVYSLFYRLDIVQIDKKKNDSNNS - - - - - - NIT
e [ e : N (+) ---IMTNCTFNTTTELKD-KKRKASASFYRLDIVPLNGDSNGS - - -------~ SSC
o | N (+)  IDKGEMKKCSFNITTSIRG-KMQKEYALFYKLDIVPIDNGKNDS--------- ™1
22nd N (+)  (ESGEIKNCSFNITTSVRD-KVQKEYALFYKLDIVPITN----=c-cmmamn- ESS
total | 72 N IDPGEIKNCSFNIATPIKD-KRHQEYALFYKSDVVPIDEDN - - - - - == === -~ DTT
. - N (+)  IEKGEIKNCSFNITTNIRD-KYQKAYALFYKLDVVPIDDDNATGNN------- DTR
Hlinked Glycosytation Motif Counts N (+)  NGEEIKNCSFNATTEIRD-KKQKVYALFYRLDIVPLEEERKG---------- NSS
# for # for b
NxST | Count test 0Odds rati . . N (+ : ~-KOKKVHALFYRLDIVSLEKDNSSKKND-=--==-~
%Nt | derected | undetected 5k sratio | 1< ratio > 1- enriched for (+)  :DMGEIKNCSFNTTTELID-KQKKVHALFYRLDIVSLEKDNSSKKND SNE
N (+)  INVEEMKNCSFNTTTELRD-RKQTVYASFYKLDIVPLNENKST-----=---- SSE
g+ |531 | 424 107 <2.2e-16 | 31.48806 | detected
53 6 47 <2.2e16 | 0.03273309 | ~44c ratio < 1¢ enriched for N (+)  MEGEIKNCSFNMTTELRD-KNQKVYALFYRQDVIQNGNN------------- NSS
- 1 0 1 0.265 0 ndetected ' N (+)  \PEAGMKNCSFNITTEVKD-KKKLVYAHFYNLDWQLDG- - --========~- NTN
Total 1585 1430 155 . N (%) QGEEMKNCSFNVTAELRD-KRKNEYALFYRQDVVQINET -~~~ -------~ DNS
g | 144 N (*)  MKGEITNCSFNMTTELRD-KKQKVSAFFYRQDVVPVNSNQ------------ DNS
Grand | 0 N (%) NTEDMKNCSFNITTIVRD-KKKQEYALFYRLDIVEINP------=--=--=- NDT
total AR B rﬂ( PN ML B AL I T AP AT R LSRR e
About this position \L
Position: Env 160 (193 in alignment above) \
Entropy, M group: 0.401 Position hlghllghted
Functional domain: gp120 (Kwong2000), V2 (Leonard1990)
Antibody features of this position

West2013)

(For more information, check Neutralizing Antibody Contexts & Features)

Mutation affects PG9-like Ab sensitivity: Loss of glycan confers resistance; PG9-like class includes PG16, PGT141, 145, CHO1-CHO4 (V1V2 glycan, Doria-RoseNA2012)
PG16 signature predictions: PG16: glycosylation at N160 is associated with increased susceptibility to neutralization; intermediate quality of support. (V1V2 glycan,

PG9-like contacts: PG9 glycan contact; PG9-like class includes PG16, PGT141, 145, CHO1-CHO4 (V1V2 glycan, McLellan2011)
PG9 signature predictions: PG9: N160 is associated with increased susceptibility to neutralization; intermediate quality of support. (V1V2 glycan, West2013)

"o Los Alamos

NATIONAL LABORATORY



CombiNAber combi NAber

A tool for Prediction & Analysis of Neutralization by Antibody Combinations

Purpose: This tool predicts and analyzes combination antibody neutralization scores using ICsy and/or ICgy for individual
antibodies. The predicted scores are systematically compared for all single antibodies and 2, 3 and 4 antibody combinations

analyzed. See explanation. . Our newest tOOI, deSigned by
i Kshitij Wagh, Hyejin Yoon, Bette
Paste values or upload file k KO rb er

(See assay reguirement;) < and "' signs are NOT allowed. Please replace them with ‘LT and ‘GT respectively. &
@ I

m Background
IR o e colect Kong et al, 2015, J Virol

et f Wagh et al, 2016, PLOS Pathogens
R— Questions: Kshitij Wagh,
e e kshitij@lanl.gov

(See Ab class reguirement;)
\9\

T —— m Purpose: predict neutralization by
S Sl € e antibody combinations (to
Options optimize immunotherapy options)

Prediction method @ @ Additive ¢ Bliss-Hill

[Sample Input]

mAb combinations ‘{)5 Combinations using full set of mAbs
# of Abs in Ab combination M2 VM3 M 4 (may be adjusted depending # of Abs) . I n put.
.

| Repeat mAbs from same class in combinations

R Neutralization data (IC50 and /
Browse...| o fle selected or 1C80) with antibody and virus
Analyses Target concentration IIO— ug/ml (seperate with commas if more than one concentration) &/ names
Active coverage by multiple mAbs in combination [~ 2 73 "4 © . . . .
I nconplete neutrazation © Antibody type (i.e. binding
I™ Instantaneous inhibitory potential (IP) ©) reg |O n )

File format for figures [~ ppr I~ sy ™ pnG

Email results |

Submit Reset

www.hiv.lanl.gov/content/sequence/COMBINABER/combinaber.html ° !-A?OSN ALI g m r? F§



CombiNAber

Overall breadth potency ()

r . — — —
1.0t
— VRC07-523-LS
- 0.8 = CAP256-VRC26.25
Ll
g Single mAb
©
: o ingle S
> L
3 0.6
(@] — 10E8
(]
>
© 04 Other CD4 Abs
£
] Other V2 Abs
&)
0.2}
Other V3 Abs
0.0} R Other MPER Abs
L L L raanal

suul [ Lidl aaaul Il
0.01 0.1 1.0 10.0
Single mAb 1C80 (ug/ml)

il
0.001

+ Los Alamos
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Overall breadth potency @

Cumulative Coverage

1.0

0.8

0.6

0.4

0.2

0.0

CombiNAber

!

L

il

Ll |

T T Ty

Laul Ll sovinl L

L

il

ul
0.001

001 o1 1.0
Single mAb IC80 (ug/ml)

Overall breadth potency @

Cumulative Coverage

1.0

0.8

0.6

0.4

0.2

0.0

10.0

TTTTT T

sl

-

M T T T T

Ll i ol

i

i

1

ul

0.001

i)
0.01 0.1 1.0

Predicted Combination IC80 (ug/ml)

10.0

VRC07-523-LS

CAP256-VRC26.25

10-1074V

10E8

Other CD4 Abs

Other V2 Abs

Other V3 Abs

Other MPER Abs

CAP256-VRC26.25+VRC07-523-LS

10-1074V+CAP256-VRC26.25
10E8+CAP256-VRC26.25
10-1074V+VRC07-523-LS
10E8+VRC07-523-LS
10-1074V+10E8

Other CD4+V2 combinations
Other V2+V3 combinations
Other MPER+V2 combinations
Other CD4+V3 combinations
Other CD4+MPER combinations

Other MPER+V3 combinations

2-mADb
combinations

Single mAbs

» Los Alamos
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CombiNAber

Overall breadth potency @

N — S —
1.0} 1
mmmm  VRCO07-523-LS
& 0.8 y mmmm  CAP256-VRC26.25
Ll
2 Single mADb
©
B m— 10-1074V Ing e S
> L )
3 0.6
O s  10E8
(]
=
)
© 0.4 ; Other CD4 Abs
>
£
6 Other V2 Abs
0.2} 1
Other V3 Abs
0.0} 4 Other MPER Abs
Al il sl [ aaaul Il sl

ul L
0.001 0.01 0.1 1.0 10.0
Single mAb IC80 (ug/ml)

Overall breadth potency ©

T T T ALY | ALY ma

1.0
— 10-1074V+CAP256-VRC26.25+VRC07-523-LS

o 0.8 1 E— 10E8+CAP256-VRC26.25+VRC07-523-LS
e
a s 10-1074V+10E8+CAP256-VRC26.25
2 06
&)
v e 10-1074V+10E8+VRC07-523-LS 3_mAb
2
@© 0.4} 1 Other CD4+V2+V3 combinations b u t'
2 compinations
8 Other CD4+MPER+V2 combinations

0.2

Other MPER+V2+V3 combinations
0.0} 1 Other CD4+MPER+V3 combinations
L 1 I el L il IR | I aaul L L
0.0001 0.001 0.01 0.1 1.0 10.0
Predicted Combination IC80 (ug/ml) » Los Alamos
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CombiNAber

Overall breadth potency ()

Cumulative Coverage

1.0

0.8

0.6

0.4

0.2}

0.0

Ll

T T T T ™ T

saaual 1l 1 sl

sl [ Lidl aaaul Il
0.001 0.01 0.1 1.0 10.0
Single mAb 1C80 (ug/ml)

Overall breadth potency @

Cumulative Coverage

1.0

0.8

0.6

0.4
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0.0

T T v | "

0.001 0.01 01 1.0
Predicted Combination 1C80 (ug/ml)

10.0

= 10-1074V

mmsm  VRCO07-523-LS

mmmm  CAP256-VRC26.25

— 10E8

Other CD4 Abs

Other V2 Abs

Other V3 Abs

Other MPER Abs

Single mAbs

10-1074V+10E8+CAP256-VRC26.25+VRC07-523-LS

Other CD4+MPER+V2+V3 combinations

4-mAb
combinations

+ Los Alamos
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CombiNAber

Overall breadth potency )

Cumulative Coverage

1.0

0.8

0.6

0.4

0.2}

0.0

T T T

1

Ll
0.001

Overall breadth potency @

Cumulative Coverage

1.0

0.8

0.6}

0.4

0.2}

0.0

sl i 1 saaul T
0.01 0.1 1.0
Single mAb 1C80 (ug/ml)

10.0

T

T T

1

1
0.001

1 1
0.01 0.1
Predicted 1C80 (ug/ml)

1.0

10.0

VRC07-523-LS

CAP256-VRC26.25

10-1074V

10E8

Other CD4 Abs

Other V2 Abs

Other V3 Abs

Other MPER Abs

Single mAbs

Wagh et al. Optimal Combinations of Broadly
Neutralizing Antibodies for Prevention and
Treatment of HIV-1 Clade C Infection. PLoS
Pathog. 2016 12:¢1005520.

10-1074V+10E8+CAP256-VRC26.25+VRC07-523-LS

10-1074V+CAP256-VRC26.25+VRC07-523-LS

Best 4, 3, 2, 1
Combinations

CAP256-VRC26.25+VRC07-523-LS

VRC07-523-LS

» Los Alamos
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HIV Genome Browser:

* A customization of JBrowse Genome Browser, built to incorporate many
sources of information from our Sequence and Immunology databases.

* A one-stop source of information about HIV genome and immunological data.
It retrieves the vast and diverse information available at HIV Immunology
database and allow to look at the whole HIV genome and zoom in to a region
of interest and see all information we have in the database about this region

HXB2 gene map, HXB2 sub-protein map, Mac239 map

Overlapping epitopes, antibody binding sites

HXB2 coding sites of interest (e.g. functional domains, drug resistance sites, motifs,
glycosylation sites, etc.)

HXB2 LTR sites of interest (RNA structural elements, primer binding sites, etc.)
Neutralizing Ab contact residues, signatures and other NAb-associated features
HIV sequence variability (Entropy: M group, B clade, C clade)

Links to the database annotation, alignments, tools, PubMed etc.

« DNA- and Protein-level views are available

Dreamt of by Christian Brander;

Implemented by Shihai Feng; ﬁ)
L

Help from Jennifer Macke, Brian Foley, Jim Szinger, Karina Yusim Alamos

NATIONAL LABORATORY



Available Tracks

X filter by text

Mac239

HXB2_coding_sites_of_|

HXB2_LTR_sites_of_int | *

Neutralizing_Ab_conte;

T-helper_epitopes

Right click
to switch to
protein view

HIV Genome Browser: Nucleotide view

Your position

Navigation

JBrowse File View Help c9 Share

500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 H500 6,000 6,500 7,000 7,500 8,000 8,500 9,000 9,50(
@ (=) Q Q @ @3\ HXB2| v WXB2:1.9719 (9.72 Kb) Go Il O
2,500 5,000 7,500
DNA+protein_3frames
Gag Vif Tat Env
Pol Vpr Rev Rev | Nef
Vpu Tat
B2_sub-protein_map 7p1p6 RT Integrase gp120
| p24 Gag_Pol RNase gp41
p2 pé

p7 Protease

p1

Ab_epitopes per 100 bp o 3
60
50
40
30

10 4
0_

80
70
60
50
40 —
30
20
10
0 -

CTL_epitopes per 100 bp




Available Tracks JBrowse File View Help D Share

% filter by text ‘o 20 40 60 80 100 120 140|160 180 200 220( 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 720 740 760 780 800 820 840

———— @ @ Q Q Env| v |Env:154..230 (78 b) Go ] &

Sub-protein_map Q Q [ ‘ l } | M |

Theipersptopes 1| 175 200 225

H r—or] L - 5 g g

Mepiopes | Poaa  WelsiFiN|z|s|T|s|z|r|c|K|V[QIx|E|¥|A|F|F|Y|K|L|D|z|z|P|T|D|N|D|T|T|s|¥|K|n|T|s|c|N|T|[s|v|z|r|Q|alc|p|k|v|s|F|e|p|z|p|T|H|Y|c|Alr|alc|F|A|T|L|[K[Cc|
Entropy_C_clade 3

Entropy_B_clade Entropy_M_group i

(M CTL_epitopes

IRDKVQKEY (B27)

KNCSFNMTT (human)

NCSFNISTSI (Cw8)

B B DR E——

YSENSSEYY (A*01)

SVITQA

YRLINCNTSV (A2)

TLTSCNTSV (A*0201
ILRSCNTSV (A2)

KLTSCNTSV (A2)

CPK (A*11 IPIHYCAPA (8*0702
CPKVSFEPI (B*0702 HYCAPAGFAIL (human)
KMSFEPIPIH (A29)
VSFEPIPPHYCA (A2)
VSFEPIPIHY (A29)

¥ Search immunology database entries
£ Highlight this region
[J Quickalign: epitope aligned to database seqs

[J Switch to nucleotide view YCAPAGFAIL (Cw*01
. . CTPAGYAILKC (human)
Right-click: CAPAGFAIL (Cw)
Neu;lizmg‘_.ﬁﬁ;cmukts' predictions 51 69: Mutation affects PG9-like Ab sensitivity 5/196: CD4 contacts LI n kS
‘ 51 56: PG9-li£ contacts 51 67: Mﬁtion affects sensitivity -51181: Mutation associated with RV144 vaccine efficag
Env160: PGY-like contacts Env170: PGY-like contacts Env180: Mutation affects sensitivity Env197: Mutation affects sensitivity
Left-C| iC k ;/1 60: Mutation affects PG9-like Ab sensitivity 5184: PGT121 signature predictions ETA 98: CD4 contacts
D et a i | S EA(;O: PG9 signature predictions 51 73: PGY-like contacts 571185: 1Gg1b12 signature predictions - E?v199: Mutation affects PGV04, b12, VRCO1, CD4-1gG
Env160: PG16 signature predictions Env173: Mutation affects PG9-like Ab sensitivity Env197: CD4 independence, intrinsic reactivity
r [ EnV165: PG9-like contacts
Env160: PG16 signatu re 57,1 67: PGY-like contacts
predictions Rﬁa; PGY9-like contacts
Protein Location: 160..160 Env169: PGS-tike cotacts
Protein: HXB2 Env169: Mutation associated with RV144 vaccine efficacy
DNA_pos: 6702..6704 Env171: Mutation affects PG9-like Ab sensitivity

Annotation: PG16: glycosylation at N160

is associated with increased

susceptibility to neutralization;
+intermediate quality of support.

-_—

Env171: PG16 signature predictions
-

Env171: PG9-like contacts

-

Env171: PG9 signature predictions

Cys157linkedtoCys131toformViloop

glycosite186

HXBZ sites, of_intefagtos o160 Coreceptor-specific(R5/X4)site LDI/LDVtripeptidebindsintegrin Coreceptor-specific(R5/X4)site CoreceptorbindingsiteoutsideV3 G2
——— —— - — —
glycosite156 V2hypervariableregion Cys196:linkedtoCys126 Cys205:linkedtoCys119 Cys218:linkedtoCys247
V2loop CTreceptor-speciﬁc(R5/X4)site

acontactresidue,side~chain-onlyconhact

glycosite197

C_meceptor-speciﬁc(R5/X4)site

areceptor-speciﬁc(RS/Xﬁsite



The HIV database sequence analysis tool set

HIV sequence database

DATABASES SEARCH ALIGNMENTS TOOLS PUBLICATIONS  GUIDES Search Site
Index of all tools Genon.- Rrowser PrimerDesign-M
Alignment Slicer Heatmap Protein Feature
Accen.
HIV AnalyzeAlign Quality Control
AnnotateTree Highlighter QuickAlign
Branchlength HIV BLAST Rainbow Tree
Programs and Tools CATNAP HIVAlign Recombinant HIV-1
Drawing Tool
Search Interface retrieves HIV and SIV sequences, which cnnual publication
aligned and used to build trees CombiNAber jpHMM at GOBICS  SeqPublish L b-based content

Geography Search Interface retrieves HIV sequences base& USRI ¢ Mosaic Vaccine Sequence Locator
geographical distribution Tool Suite

) ) ) ELF Motif Scan SNAP
Genome Browser uses jBrowse to display diverse data abo ElimDupes N-Glycosite SUDI Subtyping
genome and proteome
Entropy PCOORD SynchAlign

Tools for working with sequences lists all our online tools, [FHFENY PepMap Translate
function FindModel PeptGen TreeMaker anl.gov
Format Converter PhyloPlace TreeRate

Gap Strip/Squeeze PhyML Variable Region
Characteristics

Alignments

HIV Premade Alignments includes Consensus and Ancestra

Subtype Reference Alignments, and Complete Alignme pkintikaatd

Generation

Gene Cutter Poisson-Fitter External Tools

An HIV Database workshop presented by Los Alamos National Laboratory staff will be included as part of the IEDB User Workshop in
October 2016 in San Diego, CA. For information and registration, see http://workshop.iedb.org.

NEWSS Archived News »

New vaccine design tool: Epigraph

The Epigraph tool generates Epigraph sequences based on an input population of diverse sequences. Like
Mosaic proteins, Epigraphs are artificial proteins that combine to maximize the potential epitope coverage
(PTE) of a diverse population of protein sequences. Epigraph sequences can be used for either vaccine or
reagent design. The basic input for the program is a diverse set of sequences that is representative of a viral
population of interest. The output is a user specified number of artificial but intact sequences that, for a
given number of sequences, will provide optimal epitope coverage. 01 September 2016

Immune Epitope Database User Workshop October 24 - 25, 2016

The Immune Epitope Database (IEDB) is an NIH-supported, freely available resource that provides access to
published data related to antibody and T-cell epitopes, as well as online tools for prediction and analysis. An
HIV Database workshop presented by Los Alamos National Laboratory staff will be included as part of the IEDB

— llear Warlkehnn in Netahar 2016 in San Diego, California. For more information and registration, contact the
https://www.hiv.lanl.gov/content/sequence/HIV/HIVTools.html

All tools can be accessed
from the HIV sequence
database

Click top level to link to full
page of tools, where all

>60 computational analysis
tools are organized in groups
by function/purpose.

Most tools have explanation
pages, and sample data
sets.

Many tools were inspired by
user comments — please
ask for more!

» Los Alamos
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HIV Immunology Tools are a subset of the HIV Sequence Tools

www.hiv.lanl.gov/content/immunology/tools-links.html HIV molecular
immunology database

Databases Search Tools Products Publications [

All Immunology Tools

.
HIV Molecr=rramlogy Database: Tools & Links

i
Tools Produced by the Los :Lg:t:::t Slicer ses TOOIS eSpeCIaIIy UserI

« CATNAP: Compile, Analyze[Z SN from immunologists can
e HIV Genome Browser DlSperteome
o QuickAlign Align amino acidEali: hinst our alignments be aCCGSSGd from the

i EUED B ey by position, and find variants in an alignment

« Analyze Align Show weblogi HIV Immunology

o Alignment Slicer Cut vertic=EEEEEE co 3|ignments
Sequence Locator

[11 ”
e PeptGen Generate over'lap SeqPublish y protein Tool S p age
e PepMap Generate peptide and PDF formats

e Motif Scan Scan alignmenttifs
o HLA genotype/ seroty
o HLA genotype/motif
o HLA supertype dictioflFar e

o Hepitope Search for hopef{Zllir e ] HLA enrichment

e HLA Frequency Analysis Toquencies or HLA linkage disequilibrium in a population

e ELF Epitope location finder

e Sequence Locator Tool Find the location of any HIV/SIV sequence

e SeqPublish Produce pretty alignments for publication

e Heatmap Display a table of numbers using colors to represent the numerical values

e Epigraph Vaccine Suite Design and assess Epigraphs for vaccine design

e Mosaic Vaccine Suite Design and assess polyvalent protein sequences for T-cell vaccines

o N-Glycosite Find N-linked glycosylation sites

o Highlighter Highlight matches and mismatches in a set of aligned sequences

e Protein Feature Accent View 3D graphics of HIV proteins

e Variable Region Characteristics analyzes Env variable loops and reports length, glycosolations, and net

charge

e All Tools List of all software and tools in both the HIV sequence and immunology databases
External Tools for Epitope Prediction

o BIMAS HLA Peptide Binding Predictions Ranks potential n-mer peptides based on a predicted half-time of o LOS Alamos
dissociation to HLA class | molecules NATIONAL LABORATORY

https://www.hiv.lanl. ntent/i logy/tools-links.html

&3 Neadicta tho khindi £ 2 2 id & Aaf: A LI A &




HIV/SIV Sequence Locator Tool

m Calculates DNA or protein fragment location relative to a reference strain
Available for HIV-1, SIV, HCV, and similar tools exit in HFV database
Such numbers, often included in the literature, are frequently incorrect

Find the location of a sequence

Sequence type @ Let program decide QHIV OSIV

Paste or type a

Paste your input here
[Sample Input]

DNA or protein

ESL.\IPJ1-\//\1-L. A"__-----——-—-—-—-—-—-—_---- S;EBC]LJEBr1(:EB r]EEr(B.
. ;, g gene start locations &: f“. "’ '3 :;: %‘ :é
— } —HH—— —— Location in
5UR gag vif nef
w -~ SR genome
pol vpr env .
; ; e e mapped in red.
5 gene end locations 3 : ; 5 8 3 f 4 a7
8 9 1 54 13 659 [
6 9 05 O 9237 7 9

|Table of protein regions touched by query sequence. AA = amino acid, NA = nucleic acid.

AA position relative

AA position relative to
to protein start in

AA position relative to | polyprotein start in

CDS

NA position relative | NA position relative

HXB2 query sequence start |HXB2 to CDS start in HXB2 |to HXB2 genome start
|Gag |77 -85 [1-9 [NA |229 - 255 1018 — 1044
lp17 7785 [1-9 |NA |229 - 255 1018 —» 1044

Alignment of the query sequence to HXB2 (Similarity 100.0%):

Query SLYNTVATL 9

HXB2 SLYNTVATL

http://www.hiv.lanl.gov/content/sequence/LOCATE/locate.html

» Los Alamos

NATIONAL LABORATORY



HIV/SIV Sequence Locator Tool

m Can also retrieve reference sequences
o1 by coordinates (range of base or amino-acid positions)
=1 by single position (retrieves flanking sequences)

Retrieve a region by its coordinates

Enter coordinates: from 77

to 85

Region | Gag )
Retrieve (0) Nucleotide or @ protein output

) include surrounding region

-- OR --

(Enter '1" and 'end’ to retrieve the entire region.)

Reference Strain

Type

Region

Start

End

HXB2

pro

complete

77

85

SLYNTVATL

Retrieved Sequence:

{ Submit ) ( Reset )

Include surrounding region

Reference Strain

Type

Region

Start

End

HXB2

pro

complete

56

106

Retrieved Sequence:

GCROILGQOLOPSLOTGSEELRSLYNTVATLYCVEQRIEIKDTKEALDKIEE

50 aa long stretch

http://www.hiv.lanl.gov/content/sequence/LOCATE/locate.html

» Los Alamos

NATIONAL LABORATORY



P e p M a p www. hiv.lanl.gov/content/sequence/PepMap/pepmap.html

m Maps an input set of peptides on the query sequence
m Can be used to map epitopes, functional domains, or any protein region of interest
m Peptide name can contain any kind of useful information

>B.FR.83.HXB2 LAI IIIB BRU K03455 Peptide map (FASTA)

MGGKWSKSSVIGWPTVRERMRRAEPAADRVGAASRDLEKHGAITSSNTAA
Input: e
Peptidel MGGKWSASSVIGGPTV o TG
Peptide? WSKSSVIGWVTV CHDA-RZ EMRRAE BAY e
HLA-A2 RMRRAEPAV >B8

————————————————————————— AADRVGAASRDLEK-—-——-———--—
B8 AADRVGAASRDLEK >Reactive

S [ ADRVGAASRDLEKHGAT——--—-~
Reacti1ive ADRVGAASRDLEKHGAI >Not_reactive
Not reactive LEKHGAITSSNTA ~—  —F — S
Peptide map (PDF) HLZ-22 llot_reactive
. peptide2 . Reactifve .
. Peptidel | » B8 »

I I
MG GKWSKSS"-I/' IGWPTVR ERI;’]RRAE PAZ*.DR‘-IJ GRAALSRDLEK I-IIGAI TSSHT E—'_é-’l'.

10 20 30 10 50
Location table
E.':';;';e Query Peptide | Reference Peptide |Protein M';f:l‘e'i‘:‘“ " potyprotein A:J::;:ﬂ:’;r"" Similarity%

Peptide1 MGGKWSASSVIGGPTV | MGGKWSKSSVIGWPTV [Nef | 1-16 87.5

Peptide2 WSKSSVIGWVTY WSKSSVIGWPTV Nef  |5-16 91.7

HLA-A2 RMRRAEPAY RMRRAEPAA Nef  [19-27 88.9

B8 AADRVGAASRDLEK | AADRVGAASRDLEK  |Nef | 26-39 100.0

Reactive ADRVGAASRDLEKHGAI | ADRVGAASRDLEKHGAI [ Nef | 27-43 100.0

Not_reactive |LEKHGAITSSNTA LEKHGAITSSNTA Nef  |37-49 100.0 Los Alamos

NATIONAL LABORATORY



PeptGen
m Generates overlapping peptides for any protein sequence
m Takes alignment as an input and removes duplicate peptides

Seqgl HIVWASRELERFAVNPGLLETSEGCRQILGQLOPSLOTGSEELRSLYNTVATLYCVHQRIEVKDTKEALEKIEEEQNKSK
Seq?2 HLVWASRELERFALNPGLLETSEGCKQITIKQLOPALQTGTEELRSLYNTVATLYCVHEKIEVRDTKEALDKIEEEQNKSQ
Seq3 HLVWASRELERFALNPDLLETAEGCQQIMGQLQPALQTGTEELRSLFNTVATLYCVHQRIEVKDTKEALEEVEKIQKKSQ
1 HIVWASRELERFAVNPGL 1 s1 1 sl - -
HIVWASRELERFAVNPGLLETSEGCRQILGQLQPSLQTGSEELRSLYNTVATLYCVHQRIEVKDTKEALEKIEEEQNKSK 2 HLVWASRELERFALNPGL 1 s2 1 - 82 -
HIVWASRELERFAVNPGL CON_B (18) 3 HLVWASRELERFALNPDL 1 s3 1 - - 83
B PR L---- CON_C
B P L--D- CON_G
LERFAVEFGLLETSEGCR CON_B (18) 4 LERFAVNPGLLETSEGCR 2 sl 1 sl - -
_____ Leeoeoe---X CON_C 5 LERFALNPGLLETSEGCK 2 82 1 - 82 -
----- L--D----A---Q CON_G 6 LERFALNPDLLETAEGCQ 2 s3 1 - - 83
GLLETSEGCRQILGQLQP CON_B (18)
""""" K=-IK---- CON_C 7 GLLETSEGCRQILGQLQP 3 sl 1 sl - -
DmmmeBmmeQe-Mem e CON_G
- 8 GLLETSEGCKQIIXQLQP 3 82 1 - 82 -
CRQILGQLQPSLQTGSEE CON_B (18)
i 9 DLLETAEGCQQIMGQLQP 3 83 1 - - s3
-K==IK====A====T-= CON_C
~Q--M-===cA-==-T-- CON_G
QPSLQTGSEELRSLYNTV CON_B (18) 10 CRQILGQLQPSLQTGSEE 4 s1 1 sl - -
S VR S— coN_C 11 CKQIIKQLQPALQTGTEE 4 s2 1 - 82 -
S — e 12 CQQIMGQLQPALQTGTEE 4 83 1 - - s3
EELRSLYNTVATLYCVHQ CON_B (18)
----------------- E CON C
13 QPSLQTGSEELRSLYNTV 5 s1 1 sl - -
______ Feecececccaceceee CON G
TVATLYCVHQRIEVKDTK CON_B (18) 14 QPALQTGTEELRSLYNTV 5 82 1 - s2 -
_________ EK---R--- CON_C 15 QPALQTGTEELRSLFNTV 5 83 1 - - 83
------------------ CON_G
HQRIEVKDTXKEALEKIEE CON_B (18) 16 EELRSLYNTVATLYCVHQ 6 s1 1 sl - -
“ER---Ro-ooo- Do~=~ CON_C 17 EELRSLYNTVATLYCVHE 6 s2 1 - 82 -
-------------- EV-X CON_G
- 18 EELRSLFNTVATLYCVHQ 6 s3 1 - - 83
TKEALEKIEEEQNKSK CON_B (16)
..... D---------Q CON_C
—-—---EV-KI-K--Q CON_G 19 TVATLYCVHQRIEVKDTK 7 sl&s3 2 sl - s3
20 TVATLYCVHEKIEVRDTK 7 82 1 - 82 -
21 HQRIEVKDTKEALEKIEE 8 sl 1 sl - -
22 HEKIEVRDTKEALDKIEE 8 82 1 - 82 -
23 HQRIEVKDTKEALEEVEK 8 83 1 - - s3




Query: SLYNTVATL

Query Length: 9
HXB2 Location: Gag77-85 = pl7 77-85

Alignment: GAG, 458 sequences
Summatrize |

Query SLYNTVATL
Al.KE.B86.ML170 SR
Al.KE.94.Q23 —Fe—————
Al.SE.94.SE7253 e Fe———y-
Al.S8E.94.8E7535 ————————-
Al.SE.95.8EB8538 0 @ o————————-
Al.8E.95.8E8891 o —————————
Al.8E.95.UGSES131  ———-—————
Al.TZ.97.97TZ203 ——F————%—

QuickAlign

m Aligns query sequence to an alignment, creates WebLogos, calculates frequency by
position, tallies variants in an alignment

m Can be used to align epitopes, functional domains, or any protein or any region of interest
m Shows results by groupings (subtypes for example) and all groups together

Summary for subtype A

Variant Count
SLYNTVATL

R 11
--------- 7
-—F--I-V- 1
——Feee-V- 1
------- V- 1
——==L---- 1
-=F-A--V- 1

sereene | Variant
frequency

.82 | summary

30.43

4.35

4.35

4.35

4.35

4.35

Total seguences = 23

Number of variants

pfobabnllty

Sequence logo (Subtype: All)

Qi

posilion

Frequency by position Go to top
See full raw counts cutoff: 95%
Position Percentage and raw count of non-gap Tg:;g:ﬁ:::‘;l

1 S: 99.90% (3113) other: 0.10% (3) 3116/3119 (100.00%)

2 L: 98.90% (3068) other: 1.10% (34) 3102/3119 (99.55%)

3 Y: 52.71% (1633) F: 43.77% (1356) other: 3.52% (109) 3098/3119 (99.42%)

4 N: 99.68% (3104) other: 0.32% (10) 3114/3119 (99.94%)

5 T: 92.86% (2887) A: 5.05% (157) other: 2.09% (65) 3109/3119 (99.78%)

6 V: 79.35% (2448) |: 18.15% (560) other: 2.50% (77) 3085/3119 (99.01%)

7 A: 92.95% (2889) V: 6.53% (203) other: 0.51% (16) 3108/3119 (99.74%)

8 T: 72.52% (2254) V: 27.06% (841) other: 0.42% (13) 3108/3119 (99.74%)

9 L: 99.00% (3078) other: 1.00% (31) 3109/3119 (99.78%)

» Los Alamos

NATIONAL LABORATORY



MAb PG9 binding regions, Env 156-173,
bNAb PG9 contact region
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AnalyzeAlign

m New tool similar to QuickAlign, but
takes sequence positions/range
(including discontinuous) to
analyze in an alignment

m Has many analysing options:
- WebLogo specifications
- Frequency cutoffs

-1 Choice of the master sequence to
find variants

-1 User-specified color scheme
-1 Combining multiple logos on a page

=1 Showing potential N-linked
glycosylation sites (Nx[ST], denoted

as 0)

» Los Alamos
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00028 00000
>

d0051

1

a007
3

a0211

40064 C00ST

d0157 d0141 00099

d1121 00953 d0701 COS47 G371

00—

----------

AnalyzeAlign

SAaTO " " "T!P00
SSAT'A® HSOINFT E ¥

SE22AS HSONEY "eeveL K ™ 75
JSATOA T HSONTBS ™ "DkE" kD™~

JSATOABNHSUNTD ENTELDKENNNTGRD
[ SAT.ATNHS NTD_ENTELDKVNDTIGRDa

Figure from Hraber et al. Viruses 2015

Eg!fliVTN_IIIVADYNTKIINIK.KII*EG. JETDMGR Transmitted HIV virus

O Longitudinal
samples over time

O Discontinuous
positions under
apparent immune
selection

O Only differences
from transmitted
virus are shown

Q Colors indicate
amino acid charge
categories

Virus 3 years
post-infection

» Los Alamos
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Color Key/Histogram

Heatmap

m Two-dimensional clustering analysis

100

Count

50

m A graphical way of displaying a table of
numbers by using colors to represent
numerical values.

m Strategy borrowed from the gene

expression array literature to organize
2030 and visualize neutralization data, but is
487508 also useful for other complex data

Cluster 1

wciw | W Example: (Bricault et al, 2015, J Virol)

Rows: ID50s in guinea pigs vaccinated by
4 different strains and combinations of 2,
3, and 4 strains (2C, 3C, 4C)

Columns: Tier 1A, 1B test Envs
Higher intensity color — higher ID50s
Vertical bar — animals colored by vaccine

Horizontal bar — Envs colored by
neutralization tier

405C-130

C97-154

Gor-15 Animals vaccinated by 4 strains in

Cluster

Cluster 3

g 2 8 £ 2 8§ 2 8 & 8 % & combination cluster together on the top
g € & 2 8 2 8 8 # ¢ 2 s ;
R R EE R £ and have highest ID50s
Column Colors
— Tier_1A Tier_1B Tier_2 Row Colors
2C 3C 405C —— 459C — 4C  —— 939C — C(C97




A*2402 Bl4
B E}mg}
) Az;s Eﬁ
= ke B40 <human
p17 CTL/CD8+ Epitope Map . I
le A24 w*0303
— e
“ B27 e C202
o A2 70
le B27 B15
. le A24 ¥1510
m Epitopes up to 14 aa long ]
d on HXB2 L ke
are mapped on o b
m HXB2 sequence may differ g e
| B*5301 BJO
m Epitopes with identical [
» . | B*0801 4402
boundaries and HLA fields o i
. . e, | B*0801 |, upan
are included in the maps i e
only once A I
. F‘. T:}:)xlzﬁs I AZCN 2.-\*1101 ":_:jico\;.*@m
m The epitope maps are o e S i i
Interactive! i i i
. . . E:J_OZZ C:OB Cro4
Clicking on an epitope A i
leads to the epitope entry TS iN o it
Sl RS | o
3 A
A2 Supertype | B217 AF(2
;f%m FE : TR
humgp 1 AF2402 i " Cwt0102 i ’l A%26
Al | A%34 HL2 A¥2402
A | ArQ201 | lel_A24 | || l| | buman ||

www.hiv.lanl.gov/content/immunology/maps/maps.html TNNPPIPVGETYKRNLIL GLNKIVRMYSPTSIL DIRQGPKEPFRDYVDRF

260 270 280 290 300



CTL/CD8+ Epitope Summary (B-list) Best-defined CTL/CD8+

Epi mm
m A comprehensive list of all unique epitopes in the pitope Su ary

database (including with unknown HLA, (A-list)
boundaries not fully defined...) m Experimentally validated

m Similar lists for Helper epitopes and linear Ab optimal epitopes with known
binding sites HLA presenting molecules

m Unlike epitope maps that show epitope locations,
each epitope sequence is shown

e e e e — — - —- —

m Defined/curated by Christian
Brander and colleagues

Epitope Protein [I::aztion Subtype [Species HLA
MGARASVLSG p17 1-10 CRFO1_AE |[human S T R s
. . HXB2 .
ASVLSGGEL p17 513 B human Epitope Protein | ' tion |SubtyPefSpeciesHLA
ASILRGGKLDK  |p17 515 [ human GELDRWEKI  [p17 11-19 human [B*4002
SVLSGGOLDR ~ |p17 6-15 B human Al1 KIRLRPGGK  [p17 18-26 human [A*0301
LSGGELDRWEK  |p17 8-18 macaque IRLRPGGKK  [p17 19-27 B human [B*2705
GELDRWEKTI p17 11-19 B human B*4002, B40 RLRPGGKKK  |p17 20-28 human |A*0301
GOQLDRWEKTI p17 1119 |B human RLRPGGKKKY |p17 20-29 B human |A*0301
A, GGKKKYKLK  |p17 24-32 B human |B*0801
GKLDSWEKIRLR |p17 11-22  |CRFO1_AE, [human KYKLKHIVW  [p17 28-36 B human [A*2402
CRFO2_AG HLVWASREL  |p17 33-41 human [Cw*0804
www.hiv.lanl.gov/content/immunology/tables/ctl_summary.html www.hiv.lanl.gov/content/immunology/tables/optimal_ctl_summary.html|

Epitope variants and escape mutations
m Experimental epitope variants from the literature
o Search interfaces
o Summary tables (~3500 CTL epitope variants)

m HLA associated HIV polymorphisms (Zabrina Brumme, Bruce Walker)
o Database review and a table

» Los Alamos
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CTL/CD8+ Search (www.hiv.Ianl.gov/content/immunology/ctl_search)

Proteins with Proteins with
defined epitopes  undefined epitopes
3 - ALL - - ALL -
iV _protein
HIV protein = 0 Ca 0
pl7-p24 Gag/Pol
p24 Pol
p24-p2p7plp6 Vif
HXB2 location — I Results overlap with query location Lj
Epitope ISPRTLNAW £ Results contain query sequence ixl
Epitope name
Record number
Subtype -ALL- |
- ALL -
computer prediction
HIV-1 and GBV-C co-infection
Immunogen HIV-1 and HCV co-infection
HIV-1 exposed seronegative
HIV-1 infected monocyte-derived .
HIV-1 infection
Vaccine type |- ALL- ~
Vaccine details Vaccine strain | - ALL- |
if Immunogen is Vaccine Vaccine component [~ acL - ~|
Adjuvant |- ALL- =l
Species - ALL - |
ALL
A*01 0
A*0101
MHC/HLA A%02
A*0201
A*02.01
A*020101
Author Pillay #™First O Last
Country - ALL - |
- ALL - 0
acute/early infection
adjuvant comparison
Keywords antagonism
antibody binding site definition and exposure
assay development, comparison, standardization, improvement
autologous responses

Note

| Search | | Reset | Click for Search Help

m Search by HIV protein,
Epitope Sequence, Subtype,
Immunogen, Vaccine Details,
Species, presenting
MHC/HLA, Author, Country,
Keywords

m Search on epitope location
and find fuzzy matches,
overlaps and embedded
epitopes

m Search examples:

Example:
m SLYNTVATL — 285 entries

m Narrow the search with
keyword “escape” — 35
entries

Search for ISPRTLNAW
With the first author Pillay

» Los Alamos
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Search CTL/CD8+ T-Cell Epitope Database

Found 1 matching record:

Displaying record number 53832

HXB2 Location
Author Location

Epitope

Subtype
Species (MHC/HLA)

Immunogen
Donor MHC/HLA

Country

Experimental
methods

Keywords

Notes

Link to Epitope Maps

p24(15-23) ) ) . p24 Epitope Map

Gag(147-155) Link to Epitope Alignment

ISPRTLNAW . _ _ Epitope Alignment
Variant details with Show epitope
annotator’s notes variants

C

human(B57)

HIV-1 infection

A*3001, A*66, B*4201, B*5802, Cw*0602, Cw*1701; A*66, A*68, B*57, B*5802, Cw*0602,
Cw*0701

South Africa
CD8 T-cell Elispot - IFNy

epitope processing, responses in children, mother-to-infant transmission, escape,
acute/early infection

o HIV-specific CTLs in infants were shown to be able to select for viral escape variants early in life, despite a lack of escape with the
same CTL specificity in the mother. Infant CTL responses may be compromised by transmission of escape variants that arose in the
mother and also those that arose in the father, if the father was the source of the mother's infection.

« ISPRTLNAW is the C consensus form of the epitope and was the autologous form in the mother, and was transmitted to her infant.
By 33 weeks a new dominant form of the epitope had emerged in the infant, mSPRTLNAW, and two additional variants had arisen,
one with a substitution proximal to the epitope, pISPRTLNAW, and [SPRTLNAW.

References

Pillay2005 Thillagavathie Pillay, Hua-Tang Zhang, Jan W. Drijfhout, Nicola Robinson, Helen Brown, Munira Khan, Jagadesa Moodley,
Miriam Adhikari, Katja Pfafferott, Margaret E. Feeney, Anne St. John, Edward C. Holmes, Hoosen M. Coovadia, Paul Klenerman, Philip
J. R. Goulder, and Rodney E. Phillips. Unique Acquisition of Cytotoxic T-Lymphocyte Escape Mutants in Infant Human Immunodeficiency
Virus Type 1 Infection. J. Virol., 79(18):12100-12105, Sep 2005. PubMed ID: 16140787. Show all entries for this paper.

Additional information
provided in the entry:

m Location, Donor

MHC/HLA,
experimental
methods, Notes

Link to all entries for
a reference

PubMed links to
papers

Link to Epitope Maps
Link to Epitope
Alignment (aligned to
large set of seq.)
Epitope variants if
studied in the paper

» Los Alamos
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Genome map:
Query location(s) shown as colored bar(s) in map.

2 5 5 5566 a8 a8 9
4 g gene start locations 2 2 8983 7 38
1 < 5 1 9 1025 a9 7 6
k t t i —+H —+—
51TR gag vif tat nef
]
vou rev 3LTR
pol wpr env
I 1 L - l L1l Il |
T T T T LI T T T 1
6 2 5 5 568 6 assa 9 9
: §  geneondlocatons ¢ ¢ 8¢ 3 ith 1]
2 6 9 05 0O 937 7 9
Summary & analysis:
Query: epitope
Query sequence ISPRTLNAW
Query length 9
HXB2 Location = @ genome: 12281254, region: Gag 147155
Alignment used LANL HIV1 Gag Amino acid Filtered web
© Summarize All Summarize By Subtype (major subtype only &) Find Other Matches  Submit

Alignment slice:

Download  alignment below in format

fasta a

"." = identity to query sequence

." = gap in sequence
"Red name" = perfect identity to query sequence

epitope ISPRTLNAW

B.FR.83.HXB2_LAI IIIB_BRU.K03455 =========
Al.CA.x.BCCFE_HOMER_HIV_GAG_3062.EU242119 L-=======
Al.CD.02.02CD_KTB035.AM000055 =====m====
Al1.CD.97.97CD_KCC2.AM000053 L~

A1.CD.97.97CD_KTB13.AM000054 L~
Al.CH.03.HIV_CH_BID_V3538_2003.JQ403028 Lem=mm=nn
A1.CH.04.pBV23.KJ689262 Lem=mm=mm
A1.CH.05.pBV26.KJ689264 Femmmmmmm
Al.CH.08.pBV20.KJ689259 Lemmmmmmm
A1.CH.09.pBV32.KJ689270 M-mmmmmmm
Al.CH.10.pBV17.KJ689256 M-mmmmmnm
Al.CH.11.pBV13.KJ689253 —mmmmmmmm
Al.CH.11.pBV22.KJ689261 Lemmmm=mm
Al.CH.11.pBV48.KJ689279 Lemmmmmmm
Al.CH.12.pBV5B.KJ689285 Lem=mm=mm
Al.CM.06.BS02.JX244900 Le=mm=mmm
A1.CM.07.46_10.KP718918 Lmmm=mm=mm

Al.CM.07.BS10.
Al.CM.08.886_24
Al.CN.00.00CNLN14
Al.CY.04.CY009.
Al.CY.05.CY012
Al.CY.05.CY021.
Al.CY.05.CY051.

JX244906 L~

+KP718928 L-=======
«EF122512 Ve=======

EU673416 L-======m

+EU673418 L-======m

FJ388892 -A-KA-EG-
FJ388903 Lemmm=m=m

Epitope Alignment

Also available as a separate tool QuickAlign

www.hiv.lanl.gov/content/sequence/QUICK_ALIGNv2/QuickAlign.html

» Los Alamos
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Displaying record number 53832 Va riant detai Is

HXB2 Location p24(15-23) p24 Epitope Map
Epitope ISPRTLNAW < Epitope Alignment

mSPRTLNAW escape documented in this paper Lmk baCk tO epitOPG entry
Variants 1SPRTLNAW diminished response

p | LSPRTLNAW not determined
Species (MHC/HLA) human(B57)

Variant Details

Showing all 3 variants.

Mutation type

Variant ID. 1413
Epitope Seq. ISPRTLNAW
Variant Seq. mSPRTLNAW

Mutations I/M
Epitope ™ ote describing why the
Location

variant was designated as a

HXB2 Location |15M . .
particular mutation type

Mutation Type E: escape documented in this paper
Method CD8 T-cell Elispot - IFNy, Sequence

Note This is de novo variant seen in infant by week 33 of age. The index peptide was Mutation type examples:
recognized, but not the variant. D E escape

i, Sl QIE inferred escape
Epitope Seq.  ISPRTLNAW 0 DR diminished response
Variant Seq.  LSPRTLNAW D SF Susceptlble form
Mutations I/L D t

Epitope o elc...

Location

HXB2

Location LES

Mutation

DR: diminished response

Type » Los Alamos

Method CD8 T-cell Elispot - IFNy, Sequence NATIONAL LABORATORY



ELF (Epitope Location Finder)

Purpose: search a submitted protein sequence for (1) known epitopes from our immunology databases, (2) epitopes predicted by
consensus binding motifs, and (3) epitopes predicted by the IEDB binding algorithm. For details see ELF Explanation.

Input
Paste protein sequence
Options

Show known epitopes

Find potential epitopes

Choose HLA(s)
(Class | and Class II)

Use control-click for multiple
selection

Find potential epitopes

Choose HLA(s) or MHC(s)
(synchronized with genotype
selections above)

Display binders

E-mail result

ELF

Epitope Location Finder

DTVLEDMNLPGRWKPKMIG <50 amino acids, raw format

™ from CTL and Helper databases

™ based on anchor residues

By genotype By serotype
A*3004 A33(19)
A*3101 0 AB9(28) 0
A*3201 A68(28)
A*3303 A30(19)
A*6601 A66(10)

A*6801

A*6802 & HLA selection is

synchronized between
2 analysis options

™ based on IEDB binding predictions

HLA Class | HLA Class Il
A*6611 DRB3*0224
A'6612 DRB3*0225
A*6613 DRB3*0301
A*6614 DRB3*0303
A*6615 DRB4*0101 0
A*6801 DRB4*0103 a
A*6802 DRB5*0101
Animal MHC Class | ~ Animal MHC Class II
chimpanzee O mouse
Patr-A*0101 H2-1Ab
a0l o  YOu can choose
Patr-A*0301 H2-IEd

how many top binder
to show per MHC,
or use a binding

percentile rank cutoff

[_] Predictions are slow. For more than a few HLAs/MHCs, we recommend e-mailed result.

Patr-A*0302
Patr-A*0401
Patr-A*0402

@ Show 1  best binder(s) per MHC

() Show below 20 percentile rank (1-100) per MHC

P
(_ Submit )( Reset )

ELF helps identify potential T
cell epitopes in a reactive
peptide from a person with
known HLA type by
Highlighting appropriate HLA
anchor motifs in the peptide
Aligning all known epitopes
embedded in the peptide from
the database to your query
sequence, with links to epitope
entries
Finding potential epitopes based
on Immune Epitope Database
(IEDB) binding predictions
http://www.immuneepitope.org/

We also have MotifScan tool
that shows HLA binding and
custom motifs on the sequence
alignment

» Los Alamos
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ELF (reported epitopes in HIV database)

Epitopes from our CTL database aligned to your query sequence

Bold red letters indicate residues that differ from the query sequence. The symbol <« means the HLA of the epitope matches one
of your submitted HLAs. Click on the epitope to see full database entry. Click on "align" to align the epitope to the sequence
database via QuickAlign.

Epitopes shown here are completely within the bounds of your query. Epitopes that overlap the ends of your query are included in
the "View database records" links above.

( Download ) this alignment in format | table B

DTVLEDMNLPGRWKPKMIG
DTVLEEMNL A*6802 <C Epitopes
DTVLEDINL A*6802 « matChing
DTVLEEWNL A*6802 « requested HLAs

DTVLEEMNL A68 [FIL

Clicking on an epitope takes you to respective
CTL or Helper epitope Database entries

DIVLEEMNL A28 AT

DTVLEDMNL

EEMNLPGRW B44

EEINLPGKW 441
EEMNLPGRW 84402 [T Clicking on the “align” button takes
i ¢ you to “QuickAlign” for that epitope

EEMNLPGRW B18,B40,B44 47
EDMNLPGRW
EEMNLPGRW B*44 [
EEINLPGKW B*4403 |[HTH
EEMNLPGRW

LPGRWKPKMI Cw3 [P

LPGRWKPKMI B7 10S

ATORY



ELF (predicted MHC binding)

Potential epitopes based on anchor residues

These peptides have C-terminal anchor residues, highlighted in blue, and internal anchors highlighted in magenta. These anchor M ot Ifs C a n

residues match one or more motifs associated with the submitted HLA.

this alignment in format [ table B

DTVLEDMNLPGRWKPKMIG

DTVLEDMNL (A*0205 ........ (L])
DIVLEDMNL (A*6802 .[TV]...... [VL])
TVLEDMNLP (A*0206 .[VQ].uvws... )
LEDMNLPGR (DRB5*0101,DR85%0101 [FYLM]..[QVIM]....[RK])

Potential epitopes based on IEDB binding predictions

Top binders for each MHC are highlighted in blue.
Prediction method: IEDB recommended

Low percentile = good binders

Show up to 1 binder(s) per MHC

Class |

Selected allele(s): A*6802, B*1501

this alignment in format [ table B

DTVLEDMNLPGRWKPKMIG (Click MHC to see full list of IEDB predictions for that MHC)
DMNLPGRW B*1501 (26) o

IEDB binding predictions

Clicking on MHC links to the

MNLPGRWK A*6B802 (3.0)

Class Il

Selected allele(s): DRB5*0101

this alignment in format | table B

DTVLEDMNLPGRWKPKMIG (Click MHC to see full list of IEDB predictions for that MHC)
TVLEDMNLPGRWKPK DRB5*0101 (17.17)

full list of IEDB predictions for
that MHC (see next table)

» Los Alamos
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Potential epitopes based on IEDB database MHC binding
predictions

IEDB Analysis Resource

J Home ’ I Help l I Example ] I Reference ] | Download | I Contact ]

MHC-I binding predictions - Prediction Results

Input Sequences

o e | soqus |

1 sequence 1 DTVLEDMNLPGRWKPKMIG

Prediction method: IEDB recommended | Low percentile = good binders
Check to expanded the result: [

mﬂﬂlm Pephte Loyt )| Ssqmmca” 1| W et ] .

HLA-B*15:01 6 DMNLPGRW NetMHCpan 26
HLA-B*15:01 1 3 13 1 VLEDMNLPGRW NetMHCpan 27
HLA-B*15:01 1 3 1" 9 VLEDMNLPG Consensus (ANN,SMM,CombLib_Sidney2008) 27.60
HLA-B*15:01 1 8 17 10 NLPGRWKPKM  NetMHCpan 31
HLA-B*15:01 1 7 17 1 MNLPGRWKPKM NetMHCpan 35
HLA-B*15:01 1 2 9 8 TVLEDMNL NetMHCpan 36
HLA-B*15:01 1 2 1" 10 TVLEDMNLPG = NetMHCpan 47
HLA-B*15:01 1 B 1" 8 LEDMNLPG NetMHCpan 48

+ Los Alamos
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« A¥2402 <Bl4

HIV epitopes are densely == ,EE
packed at the population p— T
level =
m Vaccinating a diverse o
population with individual o o
epitopes is infeasible i
m Escape forms for one HLA e
are frequently sensitive for e i
a different HLA e
m It may not be necessary L]
to predict epitopes — ]| e A I
but only to deliver them of e T | e g
m Optimized immunogen ik S| |
cocktails could deliver most T iy
epitopes likely to be oS e ]
: : . . ll [ H2Da | ] leB*73 | | o | blmmdn |
present in infecting virus ey | | s
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Vaccine Design Tools (Mosaic/Epigraph)

synthetic
| — vaccine cocktail
natura ——— | published algorithms —— —
protein =——generate "generic"
——— intact proteins with
sequences =———| common k-mers T
—_ Full length,

High coverage,
no unnatural content

Design Tools

Generate candidate vaccine protein cocktails that optimize coverage of potential
T-cell epitopes (as linear k-mers) based on frequencies in sets of natural pathogen
sequences — “all-natural” throughout, including breakpoints

Mosaic Vaccine Designer — genetic algorithm (Fischer et al. 2007)

Epigraph — graph theoretic approach (Theiler et al. 2016)

Evaluation tools

Mean 9-mer coverage

Epitope Coverage Assessment (EPICOVER)
Alignment-independent “k-mer” coverage by vaccines or peptides.

Positional Epitope Coverage Assessment (POSICOVER)
Alignment-based coverage by vaccines or peptides.

» Los Alamos

NATIONAL LABORATORY



Mosaic Vaccine
Designer

Inputs

Target set: natural protein sequences from a
diverse pathogen population (alignment
optional).

Cocktail size: how many mosaic protein
sequences to generate.

Epitope length: default is 9 amino-acids.
Method: genetic algorithm

Linear optimization: helpful for both T-ce
and linear aspects of B-cell epitopes

Epitope length is transferable...
DEMONSTRATED EFFECTIVENESS
Improved immunogenicity

HIV, SIV, HCV, Chlamydia

Protection from challenge (non-human
models):

SHIV, Influenza, FMDV, Ebola
Many human HIV trials in process

HIV sequence database

PUBLICATIONS  GUIDES

TR

Mosaic Vaccine Designer

Purpose: The Mosaic Vaccine Designer will generate candidate vaccine protein cocktails that optimize the coverage, by a small set of mosaic
proteins that could be included in a vaccine cocktail, of potential T-cell epitopes in a large diverse set of proteins. The resulting mosaic
proteins in the proposed vaccine cocktail resemble real proteins from the input set of natural viral proteins (the ‘training set’), but are
assembled from fragments of the natural proteins using a genetic algorithm (a computational optimization method). This method was first
applied to HIV, but is readily generalized and could be applied to other variable pathogens.

Functions:

® Create mosaic sequence cocktail' runs the genetic algorithm to generate a cocktail of synthetic sequences with near-cptimal coverage
Pick the best natural sequences’ selects unmodified natural sequences from the training set in order of coverage
® See the coverage distribution of natural sequences’ shows the coverages of a randomly selected set of natural sequence cocktails

Usage: Paste your protein sequences in the box below, or upload a file containing sequences. Most common sequence formats are accepted.
As soon as your job is completed, a link to your results will be sent to your email address which you provided. Te manage more detailed
parameters, go to the Advanced Input. (Your job may take several hours or even days, according to your input.)

Related Programs:

® Epitope Coverage Assessment Tool-Epicover

® Positional Epitope Coverage Assessment Tool-Posicover

Reference: Polyvalent vaccine design article | Pubmed version

nput

Al.CM. .a

MGGNWS?SSI.VGwPEIRx—:RMRRAPPTpPTPTPAAKGVGAVSQDLAKHGAI1@

Al.KE.99a

E MGGKWSXSSIVGWPEVRRRIQQTPPAARGVGAVSQDLEXKHGAITSSNINES |
Sample Input A1.KE.99b

Paste set of protein sequences

4| »r

rotein sequence file ( Browse..

Function Create mosaic sequence cocktail

Pick the best natural sequences

O0O0®

See the coverage distribution of natural sequences

Cocktail Size (\IQ) #

Epitope Length (8-12) 9

Rare Threshold 3

Paste fixed sequences

Or upload fixed sequence file ( Browse..

Run Reset



k-mer coverage is relatively stable for different
values of k (potential epitope lengths)

0.9
0.8
0.7
0.6
05
0.4
03
0.2
0.1 3

Average coverage per sequence

Vaccineopt. 8 9 10 11 12 8 9 101112 8 9 101112 8 9 101112 8 9 101112
Epitope length 8

In other words, optimizing for potential CD8+ T-cell epitopes (k=9)
yields good coverage of potential CD4+ T-cell epitopes (k=12), too.

[Korber et al., 2009] T-cell vaccine strategies for
human |mmunodef|q|ency virus, the virus with a | &b AlETGS
thousand faces. J Virol, 83(17):8300-14.




EPIGRAPH

HIV sequence database

DATABASES SEARCH ALIGNMENTS TOOLS PUBLICATIONS  GUIDES ]

Inputs
Target set: natural protein sequences for Epigraph
the pathogen poleIatlon (allgnment Gntiech Disi:)i\{)i;?gsof Exclude rare Chara.cterize PEEE Tailo.red E\flglil:grt;%n:
. Design® Cover.age‘ ‘ Natural - ) Pote.nnal T‘-cell Therafpeutlf Therapeutic
OptIOnal) Evaluation ‘& o Epitopes (@ Vaccine @ Vaccine @
Input

Cocktail size: how many mosaic proteins Pt e
in the output set.
Epitope length: default is 9 amino-acids. |
Method: evaluation of acyclic graph T ened secance sgortm S s b th some lengih. 1 s aematicaly paced) ©

Epitope length ¢ B
Advantages over mosaic #of seqsnvaccne ool 5 [

Email results
Essentially optimal (fractionally better )
coverage) Lk o\ e,

. . ™™\ .JVTSSNMNNAD..
Much faster: allows iteration and £ sl e,
comparison of multiple input sets and — Qussoses
. g *_\\SNMNNADCV M:NADCVV"\‘IINADSVWLR ADSVWLRAQ /,/' // \\( Y WLRAQEEEE
alternate deS|g ns EO'ZV / \\ SSNMNNAD‘S:\\ ¥ 7 MNNADSV\\L X iy DSVYY_L?%EV\V\VLRAQEQ\ /
'%. -~/ ‘\\ \\;:‘?NMNNADSNVM,;NADSVW NNX\E)CVZ"TR-NTAECVWERK 1;‘C;W:R;E2§VVTIL;A6E 71\75,*” —
Reference: Theiler, J., Yoon, H., Yusim, K., for O / k / 2
Picker, L. J., Fruh, K., and Korber, B. (2016). e e
0.0 hd ‘ - -
48 50 52 54

Epigraph: A vaccine design tool applied to an B
HIV therapeutic vaccine and a pan-filovirus ¥ LO}S Alamos
vaccine. Sci Rep, 6:33987. NATIONAL LABORATORY



EPIGRAPH — exclude rarities

HIV sequence database

DATABASES SEARCH ALIGNMENTS TOOLS PUBLICATIONS  GUIDES | [ search Site|

Epigraph
. Coverage . I Evaluation:
. = Antigen Distribution of Exclude rare Chara;tenze Design: Ta1lo_red Tailored
Design (@) Coverage NECa - Potential T-cell Therapeutic Th ti
Evaluation & e’ epitopes @ Epitopes &/ Vaccine &/ crapeies
- Sequences &/ - - Vaccine &/

Input

Protein sequences |.B US.2006.101379_timepoint_1.GU561142
PIVONLQGQMVHQALSPRTLNAWVKVIEEKAFSPEVIPMFSALSEGATPQ
DLNTMLNTVGGHQAAMQMLKETINEEAAEWDRLHPVHAGPIAPGQMREP-
-RGSDIAGTTSTLQEQIGWMTHNPPIPVGEIYKRWIILGLNKIVRMYSPV
SILDIRQGPKEPFRDYVDRFYKTLRAEQASQEVKNWMTETLLVQNANPDC

Choose File ' no file selected

or

Epigraph design job number
Options
Epitope length

# of sequences in vaccine @

Email results l’g



Epitope Coverage Assessment - Epicover

Input

Use output from MakeVaccine tool
I n Q U tS . Provide a job number to access output from the Mosaic Vaccine Designer tool:

OR

Provide input sequences

1 . VaCC|ne Set Paste antigen protein

sequence(s):

[Sample Input]

upload more [ + ] antigen sequence files

2. TeSt Set (target and/or upload as files: /m_\

S e q u e n Ce S ) Paste test set protein

sequences:

Ca n report On upload more [ + ] test sequence files
Su bsets d efl n ed and/or upload as files: /W\
according to the

Send results as an email instead of displaying in browser

fi rSt Seve ral {useful in case of a browser time-out):

Nominal epitope length: g

Ch a ra Cte rS I n Maximum amino acid mismatches to score (range from 0): >
Seq u e n Ce n a m es Minimum number of occurrences of a potential epitope 1

in viral protein set to consider for coverage:

O r u Se I"-d eﬂ n ed Precision to use when reporting coverage: 4 | decimal places
SUbsetS Advanced Options

Upload file of grouped sequence names [ Browse... )

Report on subsets defined according to first character(s) in sequence names

('Submit ) (Reset )

WNATIVUINAL LADUNATUNI



Epicover output (mean coverage per sequence)

vaccine set subset scl::‘snit Off-by-0 Off-by-1 Off-by-2 rare(<3,>1) unique absent
vaccine_set_from_user Total 39 0.5037 0.7474 0.8636 91 61 38
vaccine_set_from_user A 6 0.4294 0.7086 0.8417 7 1 38
vaccine_set_from_user B 4 0.7263 0.8911 0.9460 44 23 38
vaccine_set_from_user C 4 0.5786  0.8449 0.9602 47 37 38
vaccine_set_from_user D 4 0.5764 0.8268 0.9218 12 0 38
vaccine_set_from_user F 8 0.4821 0.7316 0.8786 2 0 38
vaccine_set_from_user G 4 0.4578 0.7126 0.8367 5 0 38

Overall summaries of k-mer
coverage

» Los Alamos

NATIONAL LABORATORY



Epicover output (mean coverage per sequence)

Coverage
(mean per sequence)

vaccine set subset sc‘:)":‘snett Off-by-0 Off-by-1 Off-by-2 rare(<3,>1) unique absent
vaccine_set_from_user Total 39 0.5037 0.7474 0.8636 91 61 38
vaccine_set_from_user A 6 0.4294 0.7086 0.8417 7 1 38
vaccine_set_from_user B 4 0.7263 0.8911 0.9460 44 23 38
vaccine_set_from_user C 4 0.5786  0.8449 0.9602 47 37 38
vaccine_set_from_user D 4 0.5764 0.8268 0.9218 12 0 38
vaccine_set_from_user F 8 0.4821 0.7316  0.8786 2 0 38
vaccine_set_from_user G 4 0.4578 0.7126 0.8367 5 0 38

0.9 1

0.8 1

0.6
0.5 4
0.4

0.3 1

0.1 4

Total

Overall summaries of k-mer

coverage

For entire set (to compare with other

vaccine candidates)

off-by-2

| off-by-1

Exact

» Los Alamos
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Coverage
(mean per sequence)

Epicover output (mean coverage per sequence)

vaccine set subset sc‘:)":‘snett Off-by-0 Off-by-1 Off-by-2 rare(<3,>1) unique absent
vaccine_set_from_user Total 39 0.5037 0.7474 0.8636 91 61 38
vaccine_set_from_user A 6 0.4294 0.7086 0.8417 7 1 38
vaccine_set_from_user B 4 0.7263 0.8911 0.9460 44 23 38
vaccine_set_from_user C 4 0.5786  0.8449 0.9602 47 37 38
vaccine_set_from_user D 4 0.5764 0.8268 0.9218 12 0 38
vaccine_set_from_user F 8 0.4821 0.7316  0.8786 2 0 38
vaccine_set_from_user G 4 0.4578 0.7126 0.8367 5 0 38
1
09 1 | - Overall summaries of k-mer

. coverage

. For entire set (to compare with other
vaccine candidates)

... or by pathogen subset

T

C off-by-2
1 off-by-1
r ==m Exact

+ Los Alamos

NATIONAL LABORATORY
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Positional Epitope Coverage Assessment - Posicover

Input Options

Provide a job # from

Mosaic Vaccine Designer: e e °

(Only the antigen set is used. Provide the ALIGNED viral
AND/OR Antigen counts to compute upper bounds: 3,4

Paste antigen protein set
or peptide cocktail:
(alignment not required) Plots to make

[Sample Input] Hits in their natural positions

Misses in their natural positions

upload more [ + ] antigen files

. Hits and misses in their natural positions
and/or upload antigen

file(s): Browse... = No file selected.
Hits ranked by coverage
Test set proteins Misses ranked by coverage
Paste ALIGNED test viral
[Sa‘r;rolt:ilrr‘m SEH N-mer coverage by positions
Ranked n-mer coverage
or upload an ALIGNED test = Browse... | No file selected. Alignment Thumbnail

proteins file:
N-mer coverage directly on alignment

e INPUTS 2-dimensional (by sequence and
1. Vaccine/peptide sequences alignment column)
2. ALIGNED target set
e OUTPUTS
1-dimensional (by alignment column)
o Los Alamos

NATIONAL LABORATORY



Matched 9-mers
(proportion of total sequences)

Coverage

08

0.6

0.4

02 H

Posicover output (1-dimensional summaries)

Matched 9-mers Missed 9-mers

T T T T B 1F

Missed 9-mers
(proportion of total sequences)

100 150 200 250

9-mer coverage by position
vaccine_set_from_user Ranked 9-mer coverage
vaccine_set_from_user

T T T T 3

1 T T T T =

)
=}
o
o
>
<3
O
50 100 150 200 25 0 50 100 150 200 250
Alignment positions Alignment positions (ranked by coverage)
total 9-mers exact match —— total 9-mers exact match —
/ : i up to 7/9 match Upper bound: 3 antigen(s)
up to 7/9 match Upper bound: 3 antigen(s) up to 8/9 match Upper bound: 4 antigen(s) =-=-=-

up to 8/9 match Upper bound: 4 antigen(s) ===



Posicover output (2 dimensional)

0
”L,}}!,!M!!M!}!l!!M I ﬂ!}!}}ﬁ!ﬂ! !]! M!}HMViiiiiiiiiiﬂxiiiiiiiiiu|wmhiiiiiuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiﬁiiiiiii

!III FARDOAEE AN ANMACHRETERNNACM Y0

I

M

M

Il

Pixel-based Alignment view
Each amino-acid represented as a single-colored square
Allows quick detection of gross errors in alignment
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Posicover output (2 dimensional)
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Pixel-based Alignment view
Each amino-acid represented as a single-colored square
Allows quick detection of gross errors in alignment
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Posicover output (2 dimensional)
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Posicover output (2 dimensional)
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Posicover output (2 dimensional)
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Posicover output (2 dimensional)
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Posicover output (2 dimensional)
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Thank you for attending!

Please fill out our evaluation form!

Your comments will help us provide future training.

Contact us: seqg-info@lanl.gov or immuno@lanl.gov

A
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EPIGRAPH — exclude rarities

m Including only k-
mers above an
occurrence
threshold drops
coverage, but
reducing
responses to
rare epitopes
may be helpful.

Coverage

0.88

0.82t

10 20 30
Minimum Count

Here, including only 9-mers that occur at
least 14 times drops coverage very little.

40

50 60



